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Shells for Defense 


Another Example 
of How Inland Steel Is Used 
in the Preparedness Program 


Numerous plants throughout the United States are 
busy manufacturing enormous quantities of artillery 
shells —shells needed for the defense of America. 
Flowing from the Inland mills is steel from which 
thousands of these shells are being forged. 


Inland has never been a producer of munitions; nor 
has it made steel for munitions in times of peace. 
Inland manufactured no steel for war purposes 
between the close of hostilities in the First World War 
and the outbreak of the present war. 


But today, with the same spirit exhibited by all 
American industry, Inland is doing its part by making 
steel, in whatever form required for our National 
Defense Program, to the limit of its manufacturing 
facilities. This is Inland’s No. 1 job! 


When forging one size of field artillery shell, 
a 50-lb. billet is heated in a continuous furnace. 
The billet is quickly descaled and pierced, then 
follow two fast drawing operations. Above is 
shown a shell after the first draw. 
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\ow tthe standard high speed steel analyses are under priority, 


civilian uses toolsteels must be accepted wherein 


and 
mol »um replaces much of the tungsten, the advantages and 
shor ings of the various types should be well in mind 
_ 


Molybdenum 


High Speed Steels 


“Mr. Wuire and the speaker stated in our 
patent that molybdenum can be substi- 
tuted for tungsten in modern high speed steels 
and that one part of molybdenum will produce 
approximately the same effect as two parts of 
tungsten.” These words were not spoken in this 
decade nor the last but by F. W. Taytor in his 
famed address on “The Art of Cutting Metals” 
in December 1906 to the American Society of 
Mechanical Engineers. Other substantial evi- 
dence that the substitution of molybdenum for 
tungsten in high speed steels was well known 
at that time is the fact that the Sanderson Steel 
Co. marketed a molybdenum high speed steel 
under the trade name of “Mo.S.H.” (molybde- 
num self-hardening) in 1898. Its chemistry dif- 
fered considerably from modern high speed 
steels, but the significant elements were molyb- 
denum and chromium and not tungsten and 
chromium. Why then was the use and further 
development of this type of steel discontinued ? 
The problem of decarburization (still objection- 
able in the higher molybdenum types even 
though today the problem is solvable) was no 
doubt the controlling reason. Furthermore, at 
that time there was neither strategic nor eco- 
advantage. 

A new interest in molybdenum high speed 
steel started in 1927 when realization of the 
large potential American production of molyb- 
denum actuated the investigations of the Water- 


town Arsenal. These investigations covering a 


period of several years culminated in their 
Experimental Report No. 359, issued under date 
of June 30, 1930. The Watertown Arsenal report 
recommended a steel containing 0.70°° carbon, 
3.90°° chromium, 9.50 molybdenum and 1.30% 
vanadium. An important contribution of this 
report was the evidence that decarburization in 
manufacture and heat treatment could be pre- 
vented by covering the steel with a coating of 
borax. Since that time developments have been 
along such orthodox lines that one cynic stated 
that the only recent discoveries in this field were 
that some compositions could be patented! 

For many years, therefore, it has been gen- 
erally recognized that the primary difliculty with 
molybdenum high speed steel was its propensity 
to decarburization. Changes in manufacturing 
technique, developments in heat treating pro- 
cedure and equipment, and chemical modifica- 
tions have all focused on eliminating or 
substantially reducing the loss of surface carbon 
during heating for forging and hardening. In 
process of manufacture it has been found expe- 
dient to coat ingots and billets with borax or 
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and Robert S. Rose 
Sales Metallur: jist 
Vanadium Alloys Steel Co 


September, 1941; Page 283 


| 
gt 
‘ 
a 
4 
1 
: 


Tempering Temperature, 


| 
16-680 0-655 
1100 0-658 
| | Time to Completion 
of Transformation +} 
| 
1050 C-857 
| 
to LN | 
S \ 
1000 C-660 
\ \ 
95 
00] 10 10 


Tempering Time, Hours 
Fig. 1 — Steel TM-1, Quenched in Oil From 2250° F. 
Holding time to obtain maximum secondary hardness 
and to obtain complete transformation on subsequent 
cooling from the temperature shown. (Figures next to 
curves are Rockwell “C” hardnesses at indicated points) 


copper paint. Frequently it has also been 
necessary to remove the entire surface from 
billets before final rolling. Improved treating 
methods have resulted from experimental work 
with various types of coatings, salt baths, and 
controlled atmosphere furnaces. The chemical 
composition has been modified by replacing a 
small amount of the carbon content with boron 
and the addition of copper. The boron replace- 
ment, while conducive to less decarburization, 
embrittles the steel in forging to such a degree 
that it can be used only in a limited amount. 
Copper also helps to prevent the decarburiza- 
tion caused by molybdenum but is insufficient 
to overcome the entire difficulty. 

All the molybdenum high speed steels 
can be heat treated without decarburization 
by the use of borax coatings, appropriate 
salt baths, or in furnaces capable of produc- 
ing an atmosphere containing 20% CO or 
above. Carburization in varying degrees 
and depths may occur under the latter con- 
dition. It is not possible to claim categori- 
‘ally that decarburization will not occur on 
the higher molybdenum types (above 7%) 
in the most frequently encountered high 
heat furnaces whose atmospheres are limited 
to about 15% CO. Under these conditions, best 
results will generally be obtained by the use of 
a low (about 1200° F.) oxidizing preheat. 

X-ray diffraction analysis shows that when 
molybdenum is added to high speed steel it 
replaces the tungsten atom in the double car- 
bide. X-ray patterns with the No. 2 Phragmen 
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Fig. 2 — Steel TM-2, Quenched in Oil from 2225° fF. 
Holding time to obtain maximum secondary hardness 


and to obtain complete transformation on subsequent 
(Figures next to 


cooling from the temperature shown. 
curves are Rockwell “C” hardnesses at indicated points 


camera of tempered specimens of the 18' 


tungsten type, Type TM-2, and Type TM-3, show 


three phases common to all three steels — (a) 
retained austenite, (b) primary martensite and 
(c) double carbide. 

Lattice parameters of the carbide phase are 
shown in Table III. It is significant to note that 
the double carbide has the same parameter in 
all three types despite the fact that TM-3 has 
no tungsten and 18-4-1 has no molybdenum. I! 
is probable, since the elements tungsten and 
molybdenum have almost equal atomic radii, 
that the carbide phase can dissolve (by iso- 
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Fig. 3 — Steel TM-3, Quenched in Oil From © 225°! 
Holding time to obtain maximum secondary | «rdne 
and to obtain complete transformation on si seq 
cooling from the temperature shown. (Figure 1” 


curves are Rockwell hardnesses at indicate 
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Table I— Standard Compositions 


cation of the standard high speed 
types with higher carbon and 


z= Cc Ww | Mo | Cr | V vanadium contents. This trend has 
030 | 35to Ty 4.0 | 1.40t01.75 reached its maximum to date in 

0.83 a 7.5 to 8.5 4.0 2.00 Type TM-2 and results in abrasion 

0.80 1.5 8.0 to 9.0 | 4.0 | = 1.00 resistance several times that of 

— 0.70% carbon 18-4-1, The increase 
in cutting efficiency with higher 

mor) vous replacement) either or both kinds carbon and vanadium is now well established, 
of aloms in varying proportion. Thus it may but the applications must be selected with some 
he expected that the effect on the properties caution due to the accompanying increase in 


and reactions of the high speed steel composi- 
tions is linear or proportional to the 
addition or replacement of either 


grinding difficulty. 


Table 11 — Compositions That Are Obtainable 


element. 
That a substantial replace- Type; C | W | Mo Cr V Co B 
ment of molybdenum with tung- TM-1 | 0.83 | 5.0 to 6.0 |3.51t05.5| 4.0 [1.40 to 1.75 
sten increases the stability of the TM-2| 1.27 |5.0to6.0/4.0t05.0) 4.5 4.00 
retained austenite is clearly seen by TM-3 | 1.25 -» | 8.0 4.9 4.00 te 
TM-4 | 0.80 6.0 6.0 4.0 | 1.50 6.0 
comparing the chart of TM-3 with | 
9 M-1 | 0.83 .. 7.510 8.5) 4.0 2.00 
that of TM-2 (Fig. 2 and Fig. - M-2 | 0.80 1.5 9.0 4.0 | 1.00 
respectively). The former contains M-3 | 083 | 15 | 90 4.0 2.00 “= 
8% molybdenum with no tungsten, 615 4.0 1.00 | 5.0 
while in the latter 3% of the molyb- M-5 | 0.80) 1.5 6.9 40 | 2.00 | 5.0 
ng M-6 0.80 1.5 8.0 4.0 2.00 8.0 ela 
denum has been replaced with M-7 | 060! ... | 80 | 45 1.00 95 | 0.25 
5.65°> tungsten. For complete aus- M-8 | 0.60 we 1. Oe 4.5 1.50 8.0 | 0.25 


tenile transformation in two hours, 
a temperature of 1020° F. is required 
with TM-3 and 1080° F. with TM-2. 
the time to reach maximum secondary hardness 
at 1000° F, is 0.1 hr. with TM-3 and 1 hr. with 
TM-2. (Similar data for three other steels are 
given in Fig. 1, 4 and 5.) 

The past several years have seen the modifi- 


Moreover, Recent modifications in molybdenum high 
speed steel compositions have followed the lines 
of good logic. The reasoning has been somewhat 
in this vein: “Let’s admit the decarburization ‘ 
problems encountered with high molybdenum 


high speed steels. Therefore, why not decrease 


1100 
® || time to. ||| 
| | | | Transformation 
1000 ime to Maximum) + 4 C-68) 6-65.74 
| Secondary 000 ail | | il 
S nen | | meen 
| | meee 
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QO} 10 00] Q] 10 10 JOO 
Jempering Time, Hours Tempering Time, Hours 
Fig. 4 — Steel M-1, Quenched in Oil From 2225° F. Fig. 5 — Steel M-2, Quenched in Oil From 2225° F. 
Hold time to obtain maximum secondary hardness Holding time to obtain maximum secondary hardness 
and obtain complete transformation on subsequent and to obtain complete transformation on subsequent 


cooline from the temperature shown. cooling from the temperature shown. (Figures next to 


curves are Rockwell “C”’ 


(Figures next to 


curves are Rockwell “C” hardnesses at indicated points) 


hardnesses at indicated points) 
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General Electric's Researchers Recently Turned the 
Ultra-High Speed Camera on the Machining Opera- 
tion. This shows the action of a planer tool on cast 
iron. Markings on 1/32-in. grid show extensive 


Note chips flying off 


crushing ahead of tool. 


Table Ill — Lattice Parameters* 


STEEL TESTED CARBIDE, 
TYPE NATURE Cusic Par TER 
TM-2 W-Mo | (Fe,W,Mo).C 11.05 A.u. 
TM-3 Mo | (Fe,Mo).C 11.05 
18-4-1 (Fe,W).C | 11.057 A. u. 
*Data are from correspondence with Coten ang 
LAMENT of Massachusetts Institute of Technology. 


the molybdenum to where they virtually dis. 
appear and add sufficient tungsten to obtain the 
necessary equivalency?” Thus the introduction 
of the so-called 6-6, 6-5 and 5-4 types. 

When the molybdenum content is reduced 
to under about 5.5% and replaced with between 
5 and 6° tungsten, the decarburization suscep- 
tibility is almost altogether eliminated in both 
manufacture and heat treatment. High speed 
steels of this composition (Type TM-1) can be 
successfully heat treated without coating for 
well-nigh all types of tools in any type of heat 
treating equipment suitable for 18-4-1. Even ip 
obsolete gas-fired and oil-fired furnaces without 
atmospheric control, freedom from decarburiza- 
tion can be obtained by the use of an oxidizing 
preheat and a so-called slightly reducing super- 
heat. The manufacture of high speed steels of 
this type is no more involved than the 18° 
tungsten type, and Damocles’ sword of decar- 
burization does not exist! 

It has been difficult for consumers to com- 
prehend the exact nature of molybdenum hig) 
speed steels, not only due to the many conflic!- 
ing statements that have been made, but also 
due to the patent situation. Fortunately this 
has been considerably clarified by the procedur 
of the Climax Molybdenum Co., which devel- 
oped the 6-6 type, in releasing the data to all 
makers of high speed steel and not applying fo! 
a patent. Also, the Allegheny Ludlum Stee! 
Corp. has released its patent on the 5-! type. 
and the Crucible Steel Co. of America and th 
Vanadium-Alloys Steel Co. have released thei! 
patents on the molybdenum-vanadium types 
Thus the patent on the M-2 type is the only on 
on a molybdenum high speed steel of consider 
able production not available to producers an 
consumers without payment of royalty. 

That the tungsten-molybdenum and th 
molybdenum high speed steel can be s»tisiac 
torily used for almost all types of cutt) tools 
is now well established. As to whether crt! 
types are a little better or a little wo se 10! 
specific applications is one of endless | 's¢l 
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e the variables involved in most cutting 
ns are so complicated that it is often 
diff to obtain reproducible results with a 
Pe of high speed steel. It is significant 


th: ‘a long period of years the 18-4-1 type 


has ie approached this status of repro- 
du ty or uniformity of results, which fact 
like .ccounts for its outstanding popularity. 
In ts respect the tungsten-molybdenum steels 
of the TM-1 type containing nearly equal 


amounts of tungsten and molybde- 
num more nearly resemble 18-4-1. 


Institute of Mining and Metallurgical Engineers) 
is included for further comparison. 

It is apparent that Types M-1, M-2 and 18-1-1 
have nearly identical hot hardness values; vari- 
within the experimental 
error of the method. It is equally apparent that 
the hot hardness of Type TM-1 is considerably 
greater than that of the other two molybdenum 
types and compares favorably with 18-4-2. The 
probable reason for the higher hardness of TM-1 


ations are certainly 


Table V — Thermal Conductivity in Watts /cm.*/cm. 


One of the requirements of all . 
high speed steels is red hardness. 
This term implies cutting hardness MA 
at red heat, and is distinct from hard- 


TYPE 


18-4-1 


150° Cc. | 200°C. | 300° 400°C. | 500°C. | 550°C. 
0.203 0.210 0.223 0.236 | 0.249 | 0.256 
0.209 0.214 0.226 0.239 | 0.251 0.258 


ness at room temperature that may 

obtain after exposure to the red heat. 

A tool to be successful for a specific application 
must be hard at the temperature developed by 
the application. 

Thus, while other factors are known to be 
involved, it is not surprising that a good 
approximation of cutting efficiency can be 
obtained from measurements of hardness at ele- 
vated temperatures. Both E, G. Herserr in his 
1930 “Report on Hot Hardness Characteristics 
of Some Modern Tool Steels and Alloys” to the 


Table IV — Hardness at 1200° F. 


is the combination of an appreciable tungsten 
content with high vanadium, 

There is little difference between the ther- 
tungsten high speed 
molybdenum high 


mal conductivity of an 18% 
steel and a tungsten-free, 9% 
speed steel. Some justifiable significance is 
attached to this property since a cutting tool 
with high conductivity would more quickly dis- 
sipate the generated heat and thus reduce the 
temperature to which the tool is exposed. Table 
V shows the thermal conductivity 
of heat treated 18-4-1 and Type 
M-1 over a temperature range of 


Type (QUENCHED | aw HARDNESS 100° C. These values were deter- 

From, °F./ oF, | Time | AT 70° F.* {Ar 1200° F. mined by the method developed by 

TM-1 2260 1050 | 2.5hr. 65 349 the National Bureau of Standards 

M-1 2220 1020 | 2.5 hr. 64.5 313 and described in Research Papers 

M 2 2220 1020 | 2.5 hr. 65 308 No. 668 and 669, It is evident that 
18-4-1 2350 1075 2.0 hr. 64.2 312 mes of steels hav , 

8-4-2 | 2350 | 1075 | 2.0 hr. 65 344 the two types of steels have approx- 

imately the same conductivity in 

Rockwell C scale. 7On Brinell scale of hardness numbers, but the range observed and that the 


obtained by method of mutual indentation. 


British Institution of Mechanical Engineers, and 
0. W. Boston in researches at the University of 
Michigan, by using the cutting tool and the 
metal being machined as two elements of 
thermocouple, have shown that temperatures of 
1100 to 1250° F. obtain at the point of contact 
with moderate feeds and speeds. The tempera- 
ture of 1200° F. has been selected for hot hard- 
less comparisons in Table IV between the three 
most popular molybdenum high speed steels. 
The hot hardness of 18-4-1 and 18-4-2 from 


Har and Grove’s work (“Hot Hardness of 
Hig! peed Steels and Related Alloys,” Tech- 
nica iblication No. 497, 1933, of the American 
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conductivity increases with increase 
in temperature. 

The statistics on the production and impor- 
tation of tungsten for the year 1941 do not indi- 
cate even a scarcity of tungsten this year for 
tungsten high speed steel. Should the 
worst fears be realized and all importations of 
tungsten stopped, there is still ample domestic 
tungsten production to satisfy the requirements 
for production of high speed steel in 1942 and 
1943 of steel of the type of TM-1. A further 
factor of safety exists for ample tungsten for 
this type of steel when it is realized from 65 to 
75% of the scrap of the huge production of the 
18% tungsten steel of the present year will 
return to the producer for remelting. It is diffi- 


Page 287 


J 

5 | 

ag 

— = 

‘i 

aay 

- 
“aes 

|, 

an 

: ick 

+ 

“aR 

ats 

if 


cult to make estimates of the current production 
of the different types of molybdenum high speed 
steels, as this information has not been compiled 
directly from the producers. The molybdenum- 
vanadium type, M-1, has increased greatly in 
production during the present year, while Type 
TM-1 is increasing in production at such a rapid 
rate that it appears it will be produced by early 
1942 in amounts larger than the make of all 
other types of molybdenum high speed steels 
combined. 

Table I shows the three primary types of 
molybdenum high speed steel which are in gen- 
eral production. Table II shows the many varia- 
tions in composition of high speed steels which 
are being commercially produced, and Table VI 
shows the suggested substitutional types for the 
most widely used types of tungsten steels. 


Table VI — Suggested Substitutes 


TM-1 
18-4-1 M-1 
M-2 


18-4-2 M-1 


Detailed recommendations for the heat 
treatment of the steels listed in Table I will 
soon be issued by the O.P.M. and for that reason 
are being omitted from the text. |Editor’s Note: 
These are printed on page 307 of this issue.| 


Transformation - Time Charts 


It probably will be of interest to the readers 
to have available for reference the charts on 
tempering (Fig. 1 to 5). These charts have 
been prepared by using the quenching tempera- 
ture indicated and then tempering at the tem- 
peratures shown on the left for the tempering 
time shown on a logarithmic scale in hours at 
the bottom. These charts show the time neces- 
sary to hold the specimen to obtain maximum 
secondary hardness, as well as the time to obtain 
complete transformation, using different tem- 
pering temperatures. S$ 
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British Steel Supp ies 


IN view of the recent announceme | from 

& the Office of Production Management tha: 
American steel would be placed under ful! pyi- 
orities, the following official statement from the 
British Steel Controller concerning the si(uatioy 
in Great Britain will be of interest. It is quoted 
from The Engineer, issue of July 11, 1941, p, 27, 
(1) Q.—Are home and imported supplies ot 

iron ore and scrap adequate? 
A.— The answer is “Yes”. The Iron and Stee! 
Control has been laying aside considerable reserves 
of home and imported supplies of raw materials 
and it many be said that with regard to both iron 
ore and scrap the position is very satisfactory. 
(2) Q.— Are supplies of finished steel ade- 
quate, especially for naval and mercantile uses? 
A.— The total steel available is very much 
more than this country has ever had in its his- 
tory. One must appreciate that steel is probably 
the most important raw material necessary for th: 
war effort and that the uses of steel change very 
considerably in a war requirement compared with 
peacetime; therefore, in making a proper use o! 
steel for war some of the capacity required for 
peacetime operations may today find itself no! 
fully employed; but to employ such capacils 
simply for the use of the productive capacily 
would be neither economical nor desirable 
To build a transport airplane or heav\ 
bomber at least 5 tons of high grade alloy steels 
are required. This, perhaps better than any othe! 
illustration, reveals the wartime importance 0! 
alloy steels, the production of which in this coun- 
try is now vastly in excess of pre-war figures and 
sufficient to meet the heavy demands made upon 
the steel industry by arms factories engaged 10 
every type of armament production. Before the 
war the British steel industry was designed | 
meet peace requirements, and it was feared thal 
for a time at least it might be difficult to supp!) 
all essential demands for alloy steels. Fort 
nately, the change-over was facilitated by 
seeing increase in electric furnace and 0} 
capacity laid down just after the outbrea! 
The industry’s performance as a wh 
more notable when it is remembered th 
of the essential raw materials were 
imported from sources now under Axis 
After the fall of France, the industry's r 
rial experts brought into operation alt 
foreign sources of raw material (Cont. 0 
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winter on 


lliams presented a number of lectures before the Tri-City Chapter 
“Selection of Steel for Manufacturing Purposes”. 
s from these have formed the basis of a series of articles, concluded 
ssue, to make way for the publication of the entire text in book form 


Fabrieation Cons 


iderations 


When Selecting a Steel 


HAVING CONSIDERED in this series of articles 
s starting seven months ago the more com- 
mon physical properties of steels, some of their 
metallurgical characteristics and the heat treat- 
ment facilities existing in the shop that affect 
the selection of steel for manufacturing pur- 
poses, let us now turn briefly to the fabrication 
operations and how the available steels may 
react to them, either to help or hinder. 
Forgeability is first, at least in the sequence 
of operations. There is not much we can do 
about it. Action of steel at forging temperatures 
does not have any direct relation to its useful 
properties at room temperature. Therefore, we 
have to specify with regard to ultimate proper- 
lies required in the part and let forgeability take 
care of itself. Of course, low carbon steel forges 
more readily than high carbon steel; the alloy 
steels are sometimes harder to forge than a 
plain steel of the same carbon content, some of 
the alloy steels have adherent scale and some 
scale is more abrasive than others. In hard 
steels, if they require any subsequent cold work, 
ii'may be necessary to anneal the blanks to get 
any kind of life on the dies. 

Practically the only printed data on_ the 
lorgeability of steels that I know about are con- 
tained in O. W. Exuis’s paper in Merat Progress 
for September 1932, 


give n the first diagram. 


Some of his results are 
Alloys generally 
dec ‘ the forgeability of steels with the same 
earbo: content, but this action is shown mostly 


at temperatures near the finish of the operation. 
The plasticity of the steels, as tested by ELLts, is 
all at about the same 
forging begins. 

There is a well-established practical con- 


value at 2200° F. where 


clusion that coarse-grained steels (that is, steels 
which have a large austenitic grain size after 
carburizing at 1700° F.) are more readily forge- 
able and easier on the dies than fine-grained 
It is to be presumed that all steels will 
get coarse grained at forging temperatures 
(2000° F. and above) and the 
tlement has been counteracted since pre-historic 


steels. 
associated embrit- 


times by continuing the forging down to dull 
red heat (to break up the grains mechanically) 
or to refine the grain metallurgically by a subse- 
quent heat treatment, 
Nevertheless, it is good prac- 


like normalizing or a 
quench and draw. 
tice to get coarse-grained steels for forging — if 
the subsequent forging and heat treating prac- 
tices will insure proper refinement, or if the 
expected service does not require the added 
toughness of a fine-grained structure. 
Formability — For cold forming purposes, 
the cold formability of steel is some function of 


vield strength combined with its ductility. 


By Gordon T. Williams 
Metallurgical | 
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Deformation only starts in the plastic range 
above the yield point of the steel. Work harden- 
ing also sets in here, progressively stiffening the 
metal — particularly in the low carbon, plastic 
steels. (It is quite interesting in this connection 
to discover that you can sometimes make deep 
draws in one rapid operation which you couldn't 
possibly do leisurely in two or three.) 
Requirements for cold heading stock which 
must also be machined to make parts like bolts 
are difficult to meet because they involve 
mutually contradictory properties. For best 
action in the cold heading dies the metal should 
be plastic and stiffen as little as possible by cold 
work; for best action when thread cutting, the 
chips should cold work rapidly and become 
brittke enough to break. Obviously some com- 


promise is necessary. 
Sheet for Deep Drawing 


Sheet metal for deep drawing is produced 
every year by the millions of tons. Some of it 
must withstand excessively severe deformation, 
as a front fender for a 1941 automobile. Prac- 
tically all of this sheet is bought on the basis 
that the steel maker will take it back if it does 
not perform satisfactorily in the dies. That 
means that on important jobs the steel mill 
metallurgist and the production engineers in 
the sheet metal shops work closely together on 
the preliminaries so the metal delivered will 
withstand the work laid out for it. 

An added complication is that ordinary low 
carbon openhearth steel sheet will age some- 
what during the time elapsed between finish 
rolling and straightening, and delivery to the 
customer's press. That is to say, the sheet 
becomes considerably harder, stronger, and less 
ductile. The cause of aging is still hypothetical 

there may be more than one thing respon- 
sible, but some steel companies are prepared to 
furnish “non-aging™” sheet, for a premium. Aged 
sheet can be restored temporarily to its original 
ductility by putting it through a roller leveler. 

In some instances brittle breaks in equip- 
ment (especially in cold climates) have occurred 
which apparently are due to the aging of stress- 
carrying stampings of thin plate. One remedy 
would be to use non-aging steel. 

Surface of the steel is highly important for 
any drawing operation for two reasons: 

1. For proper slippage through the dies. 

2. Because we are putting a terrific amount 
of stress and of deformation at single points, 


and stress raisers are going to cause ible 
there. For example, if you try to deep dpay 
around a punched hole which is rough | side. 
the part may split. If vou ream and th: leep 
draw, you will be more successful. 

Internal stresses are built up durin« cold 
work, Everyday evidence of this is the spring. 
back as the work leaves the forming operation, 
and the warpage in any subsequent heat treat. 
ment. I have seen pieces that will warp severely 
while being heated, and yet the heat treater was 
expected to put them through and bring them 
out better than they were in the first place. 

Flame Cutting — Oxygen or flame cutting 
is becoming an increasingly important tool, par- 
ticularly in intermediate production quantities, 
and on very heavy stock in small production 
quantities. The action of the cutting flame 
depends on heating of the steel to its kindling 
temperature and then supplying enough pure 
oxygen to let it burn and generate its own heat, 
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Low Carbon, Nickel-Chromium Steels Ar 
Just About as Plastic at High Tempera- 
tures Under a Single 520-Ft-Lb. Blow as 
Plain Steels of Similar Carbon Content 


then guiding the stream of oxygen and the flan 
along the path to be cut. This operation wil! 
require consideration of one factor esp 

and that is hardenability. The steel surioc 
the kerf is heated to kindling temperature and 


cooled suddenly by radiation into the coi” mass 
of metal underneath. If it hardens considera!) 
it may develop tiny surface cracks © will 
have low ductility. Consequently, it be 


necessary either to use steel which ¥ 
harden under those conditions, to pre 
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‘to anneal afterwards. Both of these 


pies 
last-! oned operations can frequently be 
don suxiliary flames just ahead of or just 


beh ic cutting flame. As a matter of inter- 
ed surfaces in mild carbon steel (struc- 


esl, 
tura le) are much more apt to start cracks 
und sh stress than flame-cut surfaces. 

ling is another factor that influences 
selec of material. Fundamentally, harden- 


ability is the biggest single factor that influences 


select of materials to be welded. In fact, 
they the very antithesis of each other in the 
sense (hat the steel that has least hardenability 
usually has the best weldability. 


lhe sketch below indicates the temperature 
distribution in a typical fusion weld. The 
welder starts out with a cold mass of steel; he 
brings the edges up to a temperature in the 
neighborhood of 3000° F., possibly more, and 
then it cools suddenly. We have a radical drop 
in temperature in the heat affected zone; if the 
work is rapidly done —as is the production 
man’s ideal — the previously molten portion is 
cooled so rapidly as almost to constitute a 
quench. Since the gas weld (other things being 
equal) is slower than the are weld, there is more 
time for the heat to go back into the base metal; 
that means that the cooling rate is going to be 
more gradual because the heat is spread out 
over a larger volume; there is more hot metal, 
ind consequently the quenching effect of the 
cold mass will be less than in a section welded 
by the metallic are. 


Affected 
Zone> 


\ Original 
Stucture 
| Superheated 
| Metal 
Melting Point of Base Metal 
(Line of Fusion) 
Region of High Untused Metal 
Temperatures. ( 
Structure 
enperature.. Region of low Untused Metal Temperatures. 
base Meta Structure! Changes Occur) 


Diccram Showing the Maximum Temperatures 
ltcrned at and Alongside a Typical Fusion 
Well in Steel. (Hodge and Miller, in “ Weld- 
ine ‘landbook” of American W elding Society) 


The hardening due to are welding various 
common steels is summarized in the diagram on 
page 292. A 0.17°% carbon steel, for example, 
will show an as-rolled hardness of about 120 
(the lower dotted line), but hardens to 150 to 
180 in the hardest area after welding. (The tops 
and bottoms of the blocks represent the varia- 
tion in hardness due to speed of are travel; the 
highest hardness is obtained by the fastest weld- 
ing.) A 0.538% carbon steel with 200 Brinell as 
rolled shows 220 to 430 in a maximum heat 
affected zone. Here we see clearly the effect of 
hardenability —even more clearly is this evi- 
dent when we notice S.A.E. 4150, going from 
200 to above 600 Brinell. 

X-4130 (1% Cr, 0.20% Mo) is quite widely 
used for aircraft tubing and is generally gas 
welded. It is not shown on the diagram. Air- 
craft fittings need considerable strength (hard- 
enability) to carry the stresses, but need little 
hardenability to be readily weldable — which 
is a nice trick if you can do it. A further 
requirement is that the heat affected or 
“annealed” zone alongside the “quenched” edge 
must not be softened so that it is much weaker 
than it is elsewhere. A mildly air hardening 
steel which tempers sluggishly and is of con- 
siderable strength and impact resistance in thin- 
walled tubing or thin plate — that’s X-4130. In 
1 0.065-in. tubing, whose original hardness is 
Rockwell B-100, the center of either an oxy- 
acetvlene or are welded butt is not hardened at 
all, and the softest annealed zone alongside is 
no softer than B-90. 

In recent vears there have been a number 
of so-called low alloy, high strength structural 
steels proposed, particularly for railroad car 
construction. These have considerably higher 
vield strengths than the regular structural steels, 
and all must be adaptable to welding — that is, 
show a high strength, high vield and good duc- 
tility both before and after welding. This can 
only be done by intelligent selection of alloying 
elements to strengthen the steel rather than give 
it hardenability. Several of these alloys are 
noted on the diagram on the next page. 

About the maximum carbon in commercial 
carbon steel safe for welding without preheating 
or subsequent heat treatment is 0.30°°. Higher 
carbon steels are welded every day, but usually 
only with proper preheating. 

Machinability — Since so much money is 
spent in machine shops it is only natural that a 
good deal of attention has been given to the 
relative machinability of the various alloy steels. 
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Machinability implies several things. To 
production men, it generally means the remov- 
ing of metal at the fastest rate with the best 
possible finish and with the longest possible tool 
life. 
ability are those we cannot possibly have in 
A weak, brittle material free from any 
abrasive particles would be the best to machine. 


The requirements for maximum machin- 
steel. 


That combination we can’t have in sound steel, 
for it is an inherent characteristic of this alloy 
that when we get low tensile strength we have 
high ductility, not brittleness. 

In general practice, a Brinell hardness in 
the neighborhood of 180 is pretty good for the 
machine shop, especially if this hardness is com- 
bined with poor ductility, although, given the 
will to do it and the tools, we can machine mate- 


published in Merat Progress last Janu vy, 4 
table given on page 899 of & Metals He: dhoo} 
summarizes the ratings for several] thes; 
steels in the cold-drawn and in the lealed 
influ- 


such 


condition. There are so many things th 
ence machining that the application 
tables is not very satisfactory. 
Machinability of cold-drawn screw stock js 
taken as 100%. The improved X-1112 will pay, 
140%. Let’s realize the implications of that }y 
comparing it with the value for 1020. SAF 
1020 is similar in carbon and manganese to {hy 
1112 but has lower sulphur and low phosphorus. 
and it will have a machinability somewhere jy 
the neighborhood of 65%. 
higher percentage of sulphur and phosphorus 
makes 1112 brittle. Sulphur does this in a for- 
tunate way —the sulphide particles 
distributed throughout the steel ar 


The considerab| 


ee a y g | not especially hard, so they do not wear 
out the cutting edge of the tool unduly. 
& 5 hat points to one thing that will 
500 increase machinability - inclusions 
3 of SI, that will cause brittle chips and yet not 

8 S wt — be too abrasive on tools. 
However, the very thing that makes 
= high sulphur steels useful for fast 
machining makes it unsatisfactory for 
i many mechanical applications. The 
+4 S 3 transverse direction; consequently, fo 
RS such a thing as a heavily loaded splin 
shaft which needs high circumferential 
17] = é strength we would go a long way | 
100 it~ Carbon Steels Low Alloy Steels SAE Steels avoid high sulphur material. (Anothe! 


Hardness Increases in Affected Zones Alongside Welds 

in Various Plain Carbon Steels, Low Alloy Steels, 

and Engineering Alloy Steels (Theisinger and Warner) 
Yoloy: Mn 0.30 to 0.90%; Cu 0.85 to 1.10%; Ni 1.50 to 2.00% 
RDS: Mn 0.50 to 1.000; Cu 0.50 to 1.50%; Ni 0.50 to 1.00%; 


Mo >0.10% 


Cromansil: Mn 1.05 to 1.40%; Si 0.60 to 0.90¢.: Cr 0.80 to 


1.10%; V >0.15% 
4130: C 0.33%; Cr 0.50 to 0.80%; Mo 0.15 to 0.25% 
4150: C 0.52%; Cr 0.80 to 1.10%; Mo 0.15 to 0.25% 


rials that are heat treated to a surprisingly high 
hardness. We can frequently help the machin- 
ability of a given steel by heat treatment; that 
is, we can normalize it if it is a low carbon mate- 
rial, in order to bring up the hardness to some- 
thing approximating 180 and likewise reduce 
the ductility. We may even quench 1015 or 
1020 steels to bring up the hardness. 

A comprehensive list of steels, ranked as to 
their machinability, is given in the data sheet 


thing I might mention is that high sul- 
phur and high phosphorus are unsatis- 
factory for welding and should ly 
avoided.) 
Lead has also been successfull) 
steel to facilitate the cul- 
It apparently acts in esset- 


added _ to 
ting action. 
tially the same manner as sulphur, !) 
producing discontinuities in the chip 
transversely, so it breaks without wea! 
ing the tools unduly. 

Coming to the annealed steels, S.A.b. 31! 
has a machinability rating of 45% (still on 
basis of 100 for cold-drawn 1112). This meats 
that in a given time and for a given er-al 
tool life, you can remove about 45% as muc! 


annealed 3140 steel as cold-drawn 1112-— oF." 
Life 


you remove metal at the same rate, the 
Notice 


will be somewhere around 45% as long 
. . \ 
again that the various (Continued on . 
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the-minute picture of the situation of all the metals was recently pre- 


in 

_ officials of American engineering societies, with the hope that each 
woul -e necessary steps to inform the membership of the critical situations 
whit ist, and to urge them to face the necessity of many substitutions 


Conservation and Substitution 


Required by Metal Shortages 


A FUNDAMENTAL CHANGE has occurred in 
& the outlook of those governmental officials 
charged with the job of providing a flow of 
metals. Eight months ago one sensed a feeling 
of complacency; with the exception of two or 
three metals there was no acute shortage in 
view, even for civilian consumption. We were 
voing to have our defense effort and business 
as usual, even more so. There was a list of seven 
“strategic” metals studied by the Ordnance 
Department (those for which strict rationing 
would be necessary in the unwelcome contin- 
gency of war) and three of the less worrisome 
“critical” metals. There was much comfortable 
conversation about “stock piles”. 

Today official Washington seems to be 
genuinely alarmed. Shortages abound. Trans- 
oceanic shipping is scarcer and scarcer. Stock- 
piles have become an illusion because industry 
absorbs the materials faster than the Govern- 
ment can buy and deliver them. At a meeting 
of representatives of American engineering soci- 
eties, called Aug. 18 by Ropert E. McConnett, 
head of the conservation section of the Office 
of Production Management, the current situa- 
lion for the important metals was outlined by 
the appropriate consultants. Satisfactory sup- 
plies existed for only four metals and the short- 
ages included metals that were not even on the 
“critical” list eight months ago! Over and over 
‘| Was emphasized that defense and lend-lease 
demands are constantly enlarging so that we are 
“Teach ig the bottom of the barrel”. 


Engineers throughout the country should 
therefore realize that conservation, substitution 
and even elimination are the order of the day, 
and take whatever steps are possible to meet 
the inevitable — to perform the necessary oper- 
ations with the least damage and pain to the 
patient. To this end a series of conferences is 
being organized for the forthcoming National 
Metal Congress at the @ Convention in Phila- 
delphia, Oct. 20 to 24, and will occupy all after- 
noon and evening programs. 

Since several articles have appeared in 
Merat ProGress beginning in February on the 
anticipated supplies and consumption of metals, 
this matter may properly be brought up to date 
at the same time we outline what can be done 
about it. The previous articles prove to have 
been correct statements of conditions at the 
time; changes have in nearly all cases come 
about by a large upward revision in anticipated 
demand. Now as to specific metals: 

Aluminum was listed as a critical metal eight 
months ago. (A “critical” metal is “one which, 
while essential to national defense and secured in 
considerable portion from foreign sources, will be 
available locally in more adequate quantity.) As 
of Jan. 1, 1941, we were producing virgin ingot at 
the rate of 500 million Ib. per year and had pro- 


By Ernest E. Thum 


Editor, Metal Pre gress 
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vided for a rate of 700 million a year later, an 
amount supposed to be sufficient for defense and 
also “to maintain civilian uses at the 1940 level”. 
In the light of the recent serap collection this 
sounds ridiculous. Requirements for aircraft have 
risen much more quickly than anticipated, and 
other requirements were underestimated, so the 
program now calls for ingot output at the rate of 
1400 million lb. per year at the earliest possible 
time — probably achieved by Jan. 1, 1943, and an 
expenditure of half a billion dollars. Fabrication 
facilities must accordingly be doubled, power sup- 
plies searched out and allocated (power shortages 
are in prospect in a good many regions next winter). 
High grade bauxite ore from Dutch Guiana must 
now be supplemented by low grade Arkansas ore 
formerly classified as uncommercial. 

Strict priorities on virgin aluminum caused a 
profound dislocation in the secondary metal trade. 
Foundries serving civilian uses (household utensils, 
engine parts, miscellaneous die castings) diverted 
the flow of scrap from the secondary smelters so 
that the latters’ operations all but stopped. Another 
priority was then placed on scrap aluminum, which 
has brought production of secondary ingot back to 
around 75°, yet the balance being bootlegged is 
still sizable. Recent collections of household scrap, 
announced as netting roughly 10 million lb. of ingot, 
have been sold to secondary smelters, and this is 
about 12% of their expected 1941 make. It has not 
had the customary amount of cleaning and sorting 
in scrap yards, so it will melt into a high-iron mix- 
ture useful for killing steel. 

(Footnote on veracity: One wonders how 
enthusiastically housewives would have donated 
aluminum to the Boy Scouts if they had been told 
what its real end would be. Instead, everyone read 
such statements as the following from F. H. 
LaGuarpia, director of civilian defense, in his Aug. 
27 summary of the campaign: “2800 fighting planes 
could be manufactured from 10,500,000 Ib. of alu- 
minum.” ) 

Antimony, “a strategic metal, since over a 
period of years less than 10° of American require- 
ments have come from mines in the United States” 
(MetraL ProGress, Feb. 1941, p. 176). The conclu- 
sion eight months ago, that stocks plus expected 
supplies from south of the Rio Grande would be 
sufficient for our needs, still holds good — so long 
as everybody does not try to make die castings out 
of lead-antimony alloy. 

Chromium, also a strategic metal, was expected 
to be tight, but it was also expected thai we could 
make shift until domestic sources became produc- 
tive. That complaisance is gone. There is approxi- 
mately one year’s supply in this country at our 
present rate of consumption (750,000 tons of 
chromite). Metallurgical ore is mostly imported; 
two thirds from East African ports, one third from 


the Philippines and New Caledonia. Forme. soypee. 
of ore are now denied us (Turkey, Yugos! vig any 
Greece ), the ore above ground in the other © uptrje: 
has been cleaned up, and ships are searce. We a), 


digging into our own inventories, and ‘eptin 
lower grades of ores for smelting, so every effoy 


must be made to utilize our scattered (omest) 
deposits. (Next year these sources will yield on) 
75,000 tons.) The high grade deposit at Seldovis 
Alaska, still lacks development, transportation ang 
mild weather. 

Obviously the metal must be stingily 
Stainless steel for novelties, decorative trim and 
household equipment is out. Use clad plate rathe 
than solid stainless for heavy equipment. Down. 
grade the chromium content of the alloy steels | 
the lowest amount for the required duty. 

Copper is not listed as a strategic or a critics 
metal, but is now spoken of in OPM offices as , 
precious metal! In round numbers the situatio; 
for the next 12 months is this: 

1,000,000 


Producing capacity in U.S.A. 
Expected imports 


Available supply of new copper 1,600,000 tor 
(which is a record by far 
Defense (direct and indirect) 1,250,000 


350.000 


Balance for civilians 
which is about as much as Americans bought « 
the depth of the 1933 depression. So we're 
poverty row even as to copper! Of course, thes 
estimates can be knocked silly by a change in tha’ 
item “needs for defense’. Intensity of fire pow 
per man is said to be 24 times that of the I9H-I) 
war, and this locks up a very large amount 
brass in small arms ammunition and field artillery 
cartridge cases until battlefield scrap starts 
return. England is now using copper al abow! 
1,000,000 tons a year, three times her previous ma\:- 
mum. The same ratio applied to our “norma 
consumption of 800,000 tons of copper would pu! 
our requirements at the impossible figure 
2,500,000, impossible to achieve even if the expect 
maximum of 500,000 tons of secondary metal ! 
added to the above figures for new copper 

The present 12¢ price is thought to cover near’) 
all the possible production; there is no more the 
100,000 tons of marginal copper available to 
even at a higher price. Bonus payments for suc 
metal are under consideration. 

Conservation and substitution will obvious) 
be necessary. 

Two thirds of the non-military uses are 
power, transportation and communications (\¢' 
ing on essential activities), and can only porta 
be replaced by high conductivity aluminun W"! 
itself is scarce. That means that one thi 
copper and brass products, which are th: 
tion of whole industries making clocks, 
locks, plumbing goods and small hard 


twal 
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be badly pinched. Galvanized pipe, flash- 
guttering can take care of the building 


7 sut the shop practices and traditional cus- 
to the other fabricators will be ruthlessly 
vi by metallurgical substitutions. 

d--almost a drug on the market in pre- 
de days — caused no worry in the first half 
of but it now feels the impact of substitutions. 
Fi stance, it takes four times the weight of 
lea make foil for cigarette packages, formerly 
of minum. The current demand for lead is 
simp!y enormous, and its commercial condition is 
wol than tin’s. Can it be protective buying 
euphemism for hoarding) ? 


Magnesium on Jan. 1, 1941 seemed to be ample 
for aireraft castings. The then capacity of 12,000,000 
ib. from salt brines was to be increased to 20,000,000 
by July by a sea-water plant on the Gulf Coast, and 
to 34 million during 1942. New needs for incendiary 
bombs and flares have multiplied the latter figure 
12-fold! If this 400,000,000 Ib. were all to be made 
by electrolysis it would take one quarter of the 
entire (undeveloped) power from the Grand Coulee 
dam. So it is a sizable undertaking. It has also 
brought forth a rash of proposals to utilize mag- 
nesite as raw material in untried smelting methods. 

Manganese has long been known as the most 
necessary and strategic metal but, despite many 
appeals by technical men, nothing effective and 
non-political was done about accumulating a govy- 
ernmental stock pile. At the beginning of this year 
it was computed that ore on hand plus receipts 
from abroad could eke out 242 years of capacity 
steel production. Even today, with Russian ore 
unavailable, there is enough manganese ore being 
mined in India, South Africa, Philippines, Cuba 
and Brazil, but the shipping shortage is such that 
we are barely holding our own. Demands are 
increasing, also, because steel production is increas- 
ing, and-—-what with priorities on nickel, chro- 
mium and vanadium — more and more manganese 
alloy steel is being made. As for American ore, 
the Butte mines are already producing 80,000 
tons a year in the operation briefly described in 
“Critical Points” for August; next year this and 
other sources will make 200,000 tons of metallur- 
gical ore; in 1943 perhaps 400,000 — but even that 
would be only one quarter of our annual demand. 
New processes for utilizing our vast tonnage of 
manganiferous iron ores and nodular material are 
as yel only in the “pilot mill” stage (if that) and 
are not being prosecuted with anywhere near the 
necessary vigor. 

No substitute for manganese in steel making 
iS known. 


Vere ie ’ 
ercury Is very easy. We have so many low 
srade deposits in the Pacific mountains that pro- 
duction parallels the price upward. Likewise we 


have greed to take the 2000 flasks that Mexico was 


formerly shipping to Japan every month. So our 
expected requirements of 45,000 flasks for 1942 are 
in sight. Likewise there are some known and 
usable substitutes for fulminate in primers and 
ammunition detonaters. 

Molybdenum supply has been discussed pessi- 
mistically elsewhere in this issue (page 304), and 
notes on our principal sources presented in “Critical 
Points” for July and August. Official opinion is 
decidedly more optimistic, relying on the present 
visible stocks of 22 million Ib. of metal, present 
production at the rate of 42 million annually 
(expansible to 50 million by increasing the mill al 
Climax to the capacity of the mine haulage tunnel), 
and a “normal” American consumption of about 
7 million. 

Nickel on January first was a little scarce, but 
nobody seemed to be worried much. By February 
the principal producer was carefully allocating 
shipments, and by March tight priorities were 
clamped down. The present situation regarding 
imports and consumption is not materially differ- 
ent from that analyzed in Merat ProGress in the 
March issue (page 301). We are importing 15 mil- 
lion Ib. a month and there is an apparent demand 
(defense, auxiliary and civilian) for about 20 mil- 
lion. Inventory and stock in process is only two 
weeks’ supply. It is authoritatively stated that the 
imports are considerably more than the unmistak- 
able requirements of the defense effort, but obvi- 
ously these are so great that currently less than 
1,000,000 Ib. per month is left over for civilian 
uses. What can be done in the way of substituting 
for nickel steel (and this amounts to half of the 
demand) is discussed on page 300 of this issue. 

Platinum is available in such large quantities 
as a by-product of the Canadian nickel refineries 
that large stocks of refined and crude are held on 
both sides of the border. The only metal of the 
platinum group that is giving worry is iridium, 
used for hardening platinum for contact points 
and spark plugs. British requirements have 
absorbed the available supplies from Alaska and 
South Africa. Another 
dredge in the placer field in Alaska will probably 
meet our minimum requirements. Meanwhile the 


(Russia cannot ship.) 


jewelry trade has been urged to use ruthenium 
(which is cheaper and readily available) for a 
platinum hardener. 

Steel. Space forbids a recital of the long con- 
troversy over the adequacy of our steel plants. 
Men in the steel industry have contended stoutly 
that they can easily produce all that can be fabri- 
cated into Marine, Army, Navy and Aircraft require- 
ments. A considerable body of opinion in the 
governmental bureaus holds, however, that civilians 
must not be denied, and that capacity should be 
largely expanded for business as usual. 

Gano DuNN, a well-known and respected engi- 
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neer acting as consultant 
to OPM, made an elabo- 
rate report to the Presi- 
dent on Feb. 22 about the 
adequacy of the steel 
industry for national 
defense. He computed 
the maximum reliable 
steel producing capacity 
of the industry as of Jan. 
1, 1941 at 87,576,099 tons 
per year. Expansion then 
under way or shortly 
thereafter indicated 
91,338,669 tons by Jan. 1, 
1942. Full operation 
would involve compara- 
tively small deficits in 
coke ovens, Great Lakes 
transportation and_ blast 
furnace capacity. Direct 


From Such Mountains, Far Above Timber Line, Comes Bolivian Tin. Portal of 

racks, roads or expanded tunnel is in walled cut in left foreground. OF M Defense photo of Patino mines at Cw 

plant facilities) were 

estimated as 4,100,000 tons for the fiscal year ending could be made. Some plans toward that end hav ) 

June 30, 1942, and 350,000 tons more for the 78 already been announced by the three largest stee! 

ships to be built by the Maritime Commission. corporations. Meanwhile official opinion seems t , 

British needs (munitions, ships, commercial steel) be rather easy — that the immediate situation can 

and other exports were estimated at 138,440,000 tons be handled by “directing” steel into proper chan- 

in 1941, Defense, as visualized then, obviously nels, i.e. by priorities, which were instituted ; 

would not strain our capacity to produce steel. recently. It is not necessary here to give instances ' 
Three months later the shortages anticipated of how this works. 

in auxiliary operations had been arranged for, but Probably the urge to build new openhearth 

the requirements had. changed, largely from departments has been dampened by difficulties in : 

stepped-up estimates by Army, Navy and Air getting enough pig iron and scrap to feed the ones é 

Forces, and passage of the Lend-Lease Act. Added we now have. Mr. DuNn’s tabulation for require- 

to this, bureaucratic estimates for civilian “require- ments as of Jan. 1, 1942 (basis 91,338,669 tons o! 

ments” grew even more rapidly. In Mr. DuNN’s steel) follows: ; 

second report to the President on May 22 he indi- Pig iron 51.607.718 tons f 

cated that to satisfy the latter the steel capacity Home scrap 27,401,601 

for 1942 would have to be upped 30 million tons to Purchased scrap 21,463,217 z 

120 million, which amount could not be produced Total metallic charge 100,472,536 tons : 

and fabricated with the available labor. Even to In addition to this, 1 million tons of scrap was d 

increase capacity 10 million tons would take two estimated for export to England, and 10 million i. 

years’ work of half a million men, and withdraw tons for American foundries. 

4,160,000 tons of steel from the current supply This estimate is too modest: 31 million tons o! 

when we need it most. He said, “There is no ques- scrap have been used in the first seven months 0! 

tion of lack of steel for national defense. The 1941, and it has recently failed to appear al this 

grand total of all the Army, Navy, Maritime and enlarged rate. To forestall a permanent shortage. 

other military requirements, plus all-out aid of present emphasis is to increase blast furnace capac 

every kind for Britain, is less than 25°) of the ity (with accompanying lake transport and cob 

industry’s capacity.” ovens) by some 642 million tons beyond the 2 ml- ‘ 
Mr. Dunn’s picture of an orderly but moderate lion-ton building program already under N 

increase in steel making capacity was apparently iron from these paper furnaces can be expeccte ‘| 

not acceptable to the high command, for early in short of 15 months. 

June an announcement was made by OPM that The solution now obviously is to offer v vat © 

steel capacity must be increased several million costs to collect’ the out-of-the-way scrap the! ir 

tons, starting as soon as financial arrangements undoubtedly exists in sufficient quantity, a> P* ~ 
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its : into the steel-making centers. Such a 

proposed by consultants to OPM more 
months ago, but instead Mr. HENDERSON’S 
funct) OPACS issued a complicated “ceil- 
rices that could not be enforced or policed, 
an it er took effect. There is at least 7 million 
tons crap in auto graveyards, and an even larger 
thou undetermined amount on the farms. A 
n to induce the farmer to bring it in to the 
scrap yard is under discussion; in any 
prog , of this sort it is to be hoped that the mis- 
take id double-talk of the aluminum campaign 


pla! 

thal 
no" 

ing 


can 


neal 


will not be repeated. 

rin was the first metal to be given anxious 
attention a year ago when the emergency suddenly 
arose. To supplement privately held supplies, the 
Metals Reserve Co. contracted for a  75,000-ton 
stock pile, and later doubled this amount. How- 
ever, this pile grows but slowly. Current imports 
are somewhat more than consumption, and since 
Jan. | the visible stocks have increased one quarter 
and now total about 15 months’ consumption. Our 
new (and only) tin smelter in Texas City will start 
operations about Feb. 1, 1942 and will produce 
19,000 tons of tin per year from the Bolivian and 
Dutch East Indian ores that can be bought. Present 
American consumption is up to 105,000 tons of 
new tin yearly (as against 75,000 tons for a “pros- 
perous” year). 
Conservation to the extent of 10,000 tons a 
year will come largely through a reduction of the 
coating on tinplate; the 1.5-lb. per box tinplate has 
been changed to 1.35 Ib. Terne plate or lacquered 
black plate is also being used for such substances 
as can safely be packaged. About 1500 tons of tin 
will be saved by using a lead-tin alloy for collap- 
sible tubes for shaving creams. 
Tungsten supply has been discussed at length 
in Mera ProGress for February and April (page 
1). The conelusion that we would have enough 
lor 1941, if it is husbanded, checks with present 
oficial opinion. Husbanding has been necessary, 
as proven by the requirement that the tungsten- 
molybdenum high speed steels be used on non- 
defense operations. Estimates for 1941 and 1942 
are as follows: 


1941 1942 
lequirements 15,000,000 lb. -20.000.000 Ib. 
U.S.A. production 6,200,000 8,000,000 


Southern countries 3,500,000 6,000,000 
Portugal 1,000,000 1,000,000 
Chin; more than 6,000,000 ? 


Then, as now, the nub of the problem consists 
‘from the Far East. Likewise, an unlooked- 
land for a tungsten alloy for defense would 
'l the figures. 

Vanadium. The “normal” consumption of 
1.400.000 Ib. vanadium per year (all procurable 
‘rom within the States) is now up to 3,400,000 Ib. 
wit utther increase demanded in 1942. All that 
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can be had here and from Peru and from the rest 
of the world comes to only 4,500,000 Ib. Conserva- 
tion is necessary — for here is where substitution 
gets you: When no nickel carburizing steels are 
available metallurgists turn en masse to the 
chromium-vanadium steels, and soon there is no 
vanadium. (More remarks on substitutes for the 
substitute are on page 303.) 

Zine was studied at length in Metat ProGress 
for May. The figures given there have not been 
substantially changed. There is a present shortage 
as measured by demand, but no actual shortage for 
defense and the basic civilian economy. As to the 
future, anticipations are not so hopeful, for there 
seems no way to increase the supply. Requirements 
for ammunition are bound to go up, so conserva- 
tion is essential. Notable results have already been 
achieved (but to the discomfiture of the die casting 
industry) by cutting the amount on automobiles 
from 50 Ib. per car to 16 Ib. — 100,000 tons saved 
here. Another move that has resulted in less dis- 
location of labor is to deny zine for galvanizing to 
the large steel mills and reserve it for the small 
custom plants which do nothing else. 


Simplification and Standardization 


Since so much has been said about the needs 
of substitution for civilians, it is fair to ask whether 
the armed services are aware that this need may 
eventually reach them. The answer is that but lit- 
tle attention has as yet been given to this. To be 
approved, any change must satisfy the following 
requirements: (a) It must be into material for 
which there is undoubtedly a larger available sup- 
ply; (b) the substitution or simplification must 
result in no impairment of military function; (c/) 
there must be no delay in delivery. 

The Federal Specifications Committee is now 
preparing “emergency alternate specifications” for 
use when specific raw materials become really 
scarce. However, considerable store is set on the 
effort to simplify the present specifications used by 
industry. This is undoubtedly important, and will 
result in a comparatively modest increase in the 
material made available to industry from a given 
tonnage of ingot. 

Another change that will mean far more in 
actual supply is hardly under way. It is a funda- 
mental change in the philosophy of specifications, 
toward the Continental model. We specify by com- 
position, and therefore multiply varieties through 
worry about minor “impurities” of unknown and 
often negligible importance; they specify by prop- 
erties desired, and let the metallurgist produce what 
he will to meet those requirements. About all we 
have done in this respect is to remove the word 
“virgin” from many specifications, thus admitting 
secondary metal of proper analysis. S$ 
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The Lditor has observed various equipments for electrolytic polishing, 
ranging from a beaker with metal clothes pins, through glass battery 
boxes under hoods, to elegant self-contained equipment in mahogany 
cabinets, but this is the first article about them he could get written 


An Improved Cell 


for Electrolytic Polishing 


WITHIN THE LAST FEW YEARS there has 
L 2 been a great deal of attention focused on 
the electrolytic polishing and etching of metal- 
lurgical specimens. The possibility of replac- 
ing the tedious procedure on polishing wheels 
with a simple electrolytic method has had uni- 
versal appeal. As a result there has been a 
great deal of research to determine the factors 
involved in controlled electrolysis. 

Judging from the literature, there has been, 
however, relatively litthe work done on develop- 
ing a really simple yet suitable apparatus for 
this improved operation. Most investigators 
seem to have used either a 
beaker or a rectangular glass 
tank with the specimen simply 


—— Thermometer 


hung in the electrolyte, electrical contact being 
made through the wire or clip which suspended 
Such a method of handling 
ignores certain basic requirements of electro 


the specimen. 


Ivtic polishing, the most important of which ar 
as follows: 

1. The current density on the specime: 
should be accurately controlled, since the satis- 
factory range for most metals is narrow. 

2. The specimen must not be in contac! 
with the electrolyte except when the current is 
flowing. 

3. The specimen should be washed an¢ 
dried immediately follow- 
ing treatment; this 
requires that the specimei 
be easily and quickly 
removed from the appa- 


Cathode 
ratus. 
SPECIMEN 4. The position of th 
iz specimen during polishing 
Flectrolyle Soring Clip or etching should be fixe 
so that unnecessal 
q] 
By Orlo E. Br 
Peston TN In Charge of Meta 
a and C.N. Jim 


Seale Drawing of Electrolytic Polishing Unit, Indicating Its Position 
When Not in Use. A U-tube for circulating cold water can be used to 
keep the electrolyte down to safe temperature when tank is in constant use 
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(of internal 
ce) will be intro- 


fhe temperature of 
should be eas- 
trolled. 


e accompanying 


tions show a cell 
satisfies all of these 


of simple construc- 
It will be noted that 
the round specimen or its 
mount forms the closure 
for the opening in the end of the tank and is 
held tightly in place by a spring clip which also 
makes the electrical contact. This means of 
holding the specimen has the double advantage 
of speed (the sample can be very rapidly 
inserted or removed) and of limiting the 
attacked area to that of the opening. Current 
density can therefore be accurately controlled. 

The cell has a rectangular shape and, for 
microscopic specimens, can be rather small. 
Salisfactory results have been obtained by the 
authors with a wooden box whose inside 
dimensions are 2 in. wide, 3 in. deep and 316 
in. long. The hole which the specimen covers 
is made }5 in. in diameter, although this can be 
made any size which the operator may prefer. 
Wood is used for the construction, the inside 
of the container being coated with paraffin. It 
should be mentioned that 
bakelite is not to be used 
where it will come in con- 
tact with the electrolyte, for 
at least one of the electro- 
lvies commonly employed 
for electrolytic polishing 
attacks bakelite and will be 
rendered unusable by a 
bakelite container or mount 
for the metallic specimen. 

The cell as shown does 
not have any provision for 
regulating the temperature. 
In most instances the tem- 
perature of the electrolyte 
does not vary sufficiently 
during the preparation of a 
specimen to warrant any 
special control. However, 
When several specimens are 
prepared in rapid suc- 


Cell 6-Volt Battery 


ements. In addition Wiring Diagram of Experimental Set- on the metal surface and 
Up. After proper conditions are dis- give a rippled effect. 

covered, repetitive work can be done merely 
by setting rheostat for correct resistance 


that a U-tube containing 
circulating cold water be 
inserted in the cell to pre- 
vent temperature rise. It 
has been found that a 
mechanical stirrer is not 
satisfactory, for any forced 
motion of the electrolyte 
will cause an uneven attack 


There is contact 
between electrolyte and 
specimen when the tank is 
in the tilted position. The operator is free to 
insert the specimen in place and see that it is 
firmly seated without any contact with the elec- 
trolyte whatsoever. When the tank is raised to 
the operating position, the electrolyte covers the 
metal, thus closing the electrical circuit. This 
fully satisfies the second requirement. 

Removal of the specimen is quickly accom- 
plished by touching the toggle joint and, as the 
tank lowers, the specimen is taken from beneath 
the clamp. It is advisable to have running 
water at hand so that a thorough washing of the 
polished metal surface may be accomplished 
immediately. 

If the above procedure is followed, the 
mechanical difficulties usually encountered in 
electrolytic preparation of specimens will be 
eliminated. S 


4 


m it is recommended Wooden Box, Paraffin Lined, Tilting on One Edge, Forms Satisfactory Cell 
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A special committee was appointed by the American Iron & Steel Institute 
to consider what could be done about the shortage — almost embargo — on 
nickel steels of low and medium alloy content. It prepared an 80-page 
pamphlet of the title below, from which the following text is extracted 


Possible Substitutes 


for Nickel Constructional Steels 


nickel content of steels compounded to 
perform specific duties may be reduced, or even 
eliminated, certain limitations must be accepted 
and certain assumptions made: 


¢ BEFORE CITING specific cases in which the 


(1) It must be clearly understood that sub- 
stitution frequently involves sacrifice. Steels 
having identical tensile properties may exhibit 
widely varying impact and distortion characteris- 
tics; others having almost identical hardenability 
characteristics exhibit widely varying other physi- 
‘al properties. In some cases a compromise with 
the optimum is all that is possible; in other cases 
the substitute steel will be found to be as satisfac- 
tory in every respect as the steel which has been 
replaced. .... 

(3) For certain uses nickel steels are indis- 
pensable although for other uses the quantity of 
nickel now being used may be reduced or replaced 
by some other element or elements. ... . 

(4) In order successfully to substitute for a 
given grade of nickel steel, careful study must be 
given to published data on physical properties and 
heat treatment characteristics. .... The selection 
and application of constructional alloy steels is 
seldom dependent upon tensile properties alone; 
it is usually a compromise involving many factors. 
Size of section is of prime importance and in some 
cases the effect of nickel in large sections may be 
difficult to duplicate; in that event users of such 
steels, in order to use substitutes, will have to con- 
sider redesigning the object under consideration. 
In this connection the wide experience of steel 
manufacturers should be drawn upon freely. 
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(5) Substitution may involve changes in fab- 
ricating methods, heat treatment procedures and 
facilities for its control. Some grades of steel are 
fabricated by torch-cutting, bending, forming, 
dishing, drawing and other such methods, all of 
which make substitutions quite difficult without 
the stipulation of heat treatment of some sort. 

(6) Steel consumers should check carefully 
their facilities for heat treatment, metallurgical 
control, and all phases of manufacture such as 
forging and machining techniques. Characteristics 
of finished parts should be analyzed carefully for 
such factors as decarburization, distortion, fatigue 
properties, impact requirements involving tem- 
perature gradients, and high or low temperature 
service. 


Substitutes for Carburizing Types 


The carburizing steels most commonly used 
may be divided into four distinct classes: 

(1) Those which are quenched directly {rom 
the carburizing temperature. 

(2) Those which are pot-cooled from th 
carburizing temperature. reheated and quenched 
in oil. 

(3) Those which are quenched directly ‘rom 
the pot, followed by tempering. 


Extracts from a report issued by 
American lron & Steel Institute 


(with a footn« te by The Editor) 
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— Carburizing Grades; Direct Quenched 


TENSILE YIELD 

STEEL STRENGTH | PoINT 
steel 2320 150,000 | 122,000 
titutes: 4620 130,000 | 100,000 
3120 135,000 105,000 

4120* 137.000 105,000 

6120*) 130,000 110,000 

4022* 130,000 95,000 

| steel 2512 175,000 148,000 
stitutes: 3315 208,000 165,000 


4820 182.000 | 150,000 
4320 180,000 | 160,000 


| steel 3120 135,000 | 105,000 
Substitutes: 4120*, 137,000 | 105,000 
6120* 130,000 | 110,000 
4022*; 130,000 | 95,000 


5120* 128,000 | 104,000 

Nickel steel 3315 208,000 | 165,000 
Substitute: 4320 180,000 160,000 
Nickel steel 4620 130,000 100,000 


4120* 137,000 105,000 
6120* 130,000 110,000 
4022* 130,000 | 95,000 


Nickel steel 4820 182,000 150,000 
Substitute: 4320 180,000 | 160,000 


| 
Substitutes: 3120 135,000 | 105,000 
| 


| 


Izop 
IMPACT 


45 
45 
32 
35 
55 
45 
45 
45 
42 
40 
32 
35 
55 
45 
33 
45 
40 
45 
32 
35 
55 
45 
42 
40 


*These steels contain no nickel. 


(4) Those which are pot-cooled followed by 


two reheating and quenching operations. 
The quantity of steels treated by 
the method set forth in paragraph (4) 
represents small tonnage. 
The most commonly used nickel- 
containing carburizing steels and pos- 
sible substitutes therefor are shown in 
the following tabulations, which also 
contain the important physical prop- 
erties as determined on standard test 
pieces cut from the axis of 1-in. bars, 
pseudo-carburized 8 hr. at 1680° F., oil 
quenched and drawn 1 hr. at 400° F. 
Many grades within the suggested 
classes have been developed for spe- 
cific uses over a long period of time. 
Since the original development of 
these steels, improvements in engi- 
heering design have been made which 
Will, in some cases, permit the use of 
steels with lower ductility. Careful 
consideration should be given to that 
fact when considering substitutes. 
Steels containing a higher molyb- 
m content than the regular 4100 
100 series are in the development 
The aim is to increase the 
ths without materially affecting 
ictility. 


Substitutes for Deep Hardening Types 


The deep hardening alloy steels most com- 
monly used may be divided into three distinct 
classes. 

(1) The 0.25 to 0.35° carbon class, used 
in the oil or water hardened state within a ten- 
sile strength range of 100,000 to 150,000 psi. and 
a Brinell hardness number range of 200 to 300. 
The nickel steels of this group which are most 
commonly used are 2330, 3130 and 3135. 

(2) The oil hardened 0.40 to 0.50 carbon 
class, divided as follows: 

(a) Those used in the full hardened state, 
tempered to about 400° F. with resultant Brinell 
hardness of 550 to 600, within a tensile strength 
range 275,000 to 300,000 psi. 

(b) Those treated to Brinell hardness of 350 
450 within a tensile strength range of 175,000 
225,000 psi. 

(c) Those treated to Brinell hardness of 275 
to 325 within a tensile strength range of 140,000 
to 170,000 psi. 

The nickel steels of this group which are 
most commonly used are: 2340, 3140, 3145, 3150, 
4340, modified 4345, 4640 and 4650. 

(3) A specialty class of alloy steels con- 


tc 


taining approximately 0.60° carbon, used for 


Table Il — Carburizing Grades, Double Quenched for 


Maximum Izod Values 


STEEL REHEAT! 
STRENGTH POIN' IMPACT 

Nickel steel 2320 1475 135,000 110,000 45 
Substitutes: 4620 1500 120.000 95.000 48 
3120 1500 130,000 98.000 40 

4120* 1575 120,000 102.000 40 

6120*, 1500 120,000 87,000 23 

4022* 1525 115,000 90,000 45 

Nickel steel 2512 1475 173,000 140,000 53 
Substitutes: 3315 1475 210,000 170,000 43 
4820 1450 167,000 137,000 57 

4320 1500 185,000 160,000 55 

Nickel steel 3120 1500 130,000 97,000 40 
Substitutes: 4120*, 1575 120,000 102,000 40 
6120* 1500 120,000 86,000 23 

4022* 1525 115,000 90,000 45 

5120* 1525 119,000 97,000 39 

Nickel steel 3315 1475 210,000 170,000 42 
Substitute: 4320 1500 185.000 160,000 55 
Nickel steel 4620 1500 120,000 95,000 48 
Substitutes: 3120 1500 130,000 97,000 40 
4120*) 1575 120.000 102.000 40 

6120*, 1500 120,000 87,000 23 

4022*, 1525 115,000 90,000 45 

Nickel steel 4820 1450 167,000 137.000 57 
Substitute: 4320 1500 185,000 160,000 55 


*These steels contain no nickel. 
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240 sentative of tvpical physical properties ob! 
\ Source: Average Manufacturers’ ied 
5140 Values after quenching one-inch round samples « {he 
220 | /mpact Values Given for Room various types of steel listed and drawing at «ayj- 
& 5140 Temperature 
an ous temperatures. Such values should not, 
8 ever, be used to set specification limits. Dat, 
180 are constantly being assembled by steel 
facturers and as new experience is gained »yb)- 
& 160 lished data may have to be modified. Then, too, 
x minor changes in chemistry combinations and t 
~ 
8 140 manufacturing techniques may cause major 0 
changes in one or more physical propertics. . 
120 
| | es In order to exhibit the differences in dye- \ 
O 30 2 380 4 50 6&0 70 8 90 tility which might exist between various types } 
/zod Impact, Foot-Pounas of quenched and tempered steel at the same \ 
Relation Between Tensile Strength and Izod Notched tensile strength, graphs have been drawn in ( 
Bar Values for 1-In. Rounds of 0.40% Carbon Alloy which hardness, yield point, elongation and 
Steels. Heat Treated to Various Strengths. Tests made reduction of area are plotted against tensile fi 
at room temperature. ( Average manufacturers” values) strength values. From these it is clear that \ 
little difference exists when the several steels | 
a variety of purposes such as piston rods, rams, are properly compared. 
sow blocks, trimmer dies, shear blades, and hot- Impact values of the several steels referred f 
work dies. The nickel steels of this group which to above were compared with their respective ( 
are most commonly used are chromium-nickel tensile strengths, and plotted in the first graph. d 
steels, chromium-nickel-molybdenum-copper rhe nickel steels exhibit superior properties al 
steels and chromium-nickel-molybdenum-vana- high strengths, an advantage which does not - 
dium steels. It will be most difficult to duplicate exist in like degre a lower strengths. 
the properties of such steels with other chemis- fhe relationship between hardness and 
try combinations without considerable experi- Charpy notched bar value was studied and the . 
mental work results given in the second engraving are rea- 

In addition to the substitutions suggested in sonable expectances in a temperature range of 
lables I and II, these may be considered: 0” F. to room te — ture. 
Because a comparison of the properties of 
NICKEL STEELS POSSIBLE SUBSTITUTES 

a small sections is not adequate to describe fully 

3000 4000, 4100, 5100, 6100 aa 

3200 3100, 4000, 4100, modified 4100, 6100 the differences which exist among the several 

3400 Modified 4300 steels, hardenability charts are given of 1-in. 

4300 No substitute suggested 2-in. and 3-in. rounds quenched in oil, and 2-in., : 

Numerous charts are given in the pamphlet 3-in. and 5-in. rounds quenched in water. {These I 
jand are available in other publications| repre- are reproduced in the Data Sheet, page 30. l 

a 

Comments by The Editor 

SINCE suppLies of nickel have been “tight” pect that even this haven of refuge wil! be 
since the first of the vear, and the metal is one denied the manufacturer of gears, slialts. 

{ 
of the first to be reserved for ordnance pur- mechanical bearings, pins and collars. ; 
poses, manufacturers of consumption goods for In view of this situation, foreseen 12h) , 
civilians have been forced into substitutions as months ago, the series of articles by Gon: I. . 
their stocks became exhausted. Substitutions in WitutiaMs on “The Proper Selection of St cls \ 
the carburizing grades have gone particularly has been particularly timely. He empl /zes 

t e 6 series (chromium-vanadi over and over agai at, although allo: 
toward the 6100 seri (chromium-y lium) ver and over again that, although alloy Is t 
with the inevitable result of depleting the sup- may appear to be interchangeable on the ss! 
ply of these two imported elements — especially of tensile properties and hardness, the eco t 
vanadium — consequently there is a good pros- choice for a particular duty must iney )!) 
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dept on the metal- 30 defense program, should be 
lurg characteristics | directed toward this vitally 
(pal arly harden- a | -BISO(BHN 382) a important objective. 
abilii, and grain size), — | Fortunately for the 
the ting heat treat- American metallurgical 
ing  juipment, the 4340 industry, a great deal of 
mat ibility and — of & | fundamental work has 
paran.ount importance = been done within the last 
toda its availability « 15 decade on the exact func- 
on the market. (These tion of the various alloying 
excellent articles, by the 9065 /BHN444) > elements in steel. Epgar C. 
way, are being assem- ROR Barn’s book on that subject 
bled in a book which R 5145(BHN-429) 7 a ae is a masterly summary of 
will be ready early in 5 4 | 51451BHN429)- the available information. 
October.) Hence the information is 
Nickel steel has | | | now available for an intel- 
good reason for its “50 ligent attack on _ the 


+50 +2 


widespread acceptance. 
It has been under con- 
tinuous competition 
from steels made with 
and cheaper 
Nevertheless, it 


other Hardness. 
alloys. 
has not only stood its 

ground, but by virtue of intelligent promotion 
by the chief producer, has expanded its utility 
in keeping with the larger consumption of alloy 
steels, vear by year. 

tis doubtless very discouraging to find now 
that customers, gained and held with such 
efforts, are unable to be supplied with necessary 
metal. Ropert C. STaNLey, president of Interna- 
tional Nickel Co., said in a recent letter to stock- 
holders and consumers: 

“In order to meet the greater demands of the 
Army, Navy and Air Services of Canada, Great 
Britain and the United States, substantially 
increased amounts of nickel have been made avail- 
able. All production facilities of this company are 
operating at full capacity. In spite of this, hard- 
ship is being inflicted upon many consumers of our 
products who in the past have aided us in building 
4 great business, and upon whom we must depend 
lor our future success. 

“Many of them have been compelled to attempt 
substantial alterations in their operations. We are 
offering them the full cooperation of our research 
and technical organizations in meeting this difficult 


situalion and many of our activities formerly con- 
cerned with sales and services are focused on pro- 
Viding this help. 

pon the conclusion of this devastating war 
the future success of your business and ours will 
dep in large measure upon the retention of the 
5006 will of our customers. Any effort we can 
Make, not conflicting with our full support of the 


Breaking Temperature, F 


Charpy Notch Bar Values at Sub-Normal 
Temperatures for Specimens of Alloy Steels 
Heat Treated to Approximately 400 Brinell 
Source: Manufacturers’ values 


problem. The steel manu- 
facturers have also learned 
how to make fine-grained 
depending 


steel without 


entirely on the element 
vanadium; aluminum prop- 
erly applied does the trick, 
and just emerging in practical use are some 
complex combinations of rarer elements that 
have remarkable influence on grain size and 
hardenability even when used in “traces”. 

It is now up to the steel consumer to absorb 
this available information and become accus- 
tomed to specifying steel by its properties, rather 
than its composition. What he usually requires 
is a steel of a certain strength (and this is 
roughly measured by its hardenability), tough- 
ness (by its grain size), and machinability (by 
its grain coarsening temperature), and he 
shouldn't care how the steel maker makes it, 
or what alloys he puts into it, or how much. 
Knowing what is required in steel for his 
machinery and then permitting the steel sup- 
plier to give him these properties in any avail- 
able metal — that is intelligent substitution. 

In fact, this practice appears to be inevi- 
table, and for the following reasons: The com- 
mon alloying elements for steel are very few. 
Everyone knows about nickel, chromium, vana- 


dium, molybdenum; many appreciate that man- 


ganese and silicon are also useful; few are 
ready to accept phosphorus and copper. How- 
ever, the supplies of nickel, chromium and 


vanadium, all being imported in major quanti- 


ties, cannot be relied upon for civilian uses. 


That leaves molybdenum, manganese and sili- 


con. Silicon vasily procurable — now enters 
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engineering steels only with sizable amounts of 
manganese, molybdenum or chromium. As for 
manganese, Harry McQvuaiw is fond of saving 
it is the only essential alloy, and for many years 
there has been an increasing trend toward 
higher manganese in many of our heat treat- 
able steels, but it is so essential to counteract 
the inevitable sulphur and oxygen in all steel, 
even the commonest, that there may be little 
available for alloying additions, what with our 
meager supplies. 

That throws us back on molybdenum and, 
thanks to 20 years of study by the steel indus- 
try, working with the automobile industry and 
the alloy producers, it appears to be able to 
step into the breach marvelously and, with a 
modicum of manganese, silicon, nickel or chro- 
mium, to produce steels of excellent harden- 
ability, toughness, machinability, weldability 
and wear resistance. And most everyone seems 
to believe we will have ample molybdenum, 
since there is so much being produced within 
our own borders. But have we? 

In “Critical Points” in the July and August 
issue will be found some facts about the prin- 
cipal producers. Climax Molybdenum Co., 
operating at the capacity of its mill, will pro- 
duce 27,500,000 lb. of molybdenum metal. The 
porphyry copper mines associated with Utah 
Copper Co. will make 12,000,000 lb. more as a 
byproduct. Other American producers will 
make 1,500,000 Ib., and probably another mil- 
lion or so will be got just over the line in Mexico. 
That makes a total of 42,000,000 Ib. of molyb- 
denum to play with. 

Deduct right off the 
bat 15 million for spe- 


cial ordnance steels 


having nothing to do 
with machinery, 
another 10 million for 
export to Britain and 
Canada, 2 million for 
toolsteels, and we find 
that the remainder 
would make about 
3,000,000 tons of con- 
ventional 


alloy steels 


A Good Example of Conserva- 
tion. These are flanged and 
dished heads, 108 in. dia., of 
stainless clad steel; plate made 
by Jessop Steel Co.; hot spin- 
ning done by Lukens Steel Co. 
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containing 0.25° molybdenum, or only 500 py 


tons of the higher molybdenum steels 


posed 
as substitutes for the nickel steels idified 
1100 and 4300 series). Much of thi ill by 
absorbed by defense contracts, and 


there will be any left over for civilian ¢ \sumy. 
tion of such excellent steels as the “Amo !as”, 
1.30° Mn steel with 0.30% Mo, and the 1% s 
steel with 0.50° Mo (all well tried and joy | 
tonnage production), depends largely oy 
whether the principal producer can increase j\. 
output largely and how fast. At any rate, ther 
does not seem to be an unlimited amount, no 
even any comfortable surplus of molybdenum 
in sight right now. 

No matter where you turn, you seem to ry 
into shortages. That really is to be expected 
Shortages not only for civilian requirements hy 
also for military. To stave off the latter ji 
would be the part of wisdom, right now, to 
organize a group of the best metallurgists in th 
Army, the Navy, the Air Corps, the steel! indus- 
try, and the automotive industry, to give thei 
undivided time to the study of requirements | 
steels for defense equipment. 

Delay may be disastrous, for time appears 
to be approaching that we can’t give even thi 
Army and Navy all the 5‘ nickel steel (say) 
they ask for. 
defense industries to do what the civilian sup- 


Is it too much to expect th 
pliers must perforce do? — specify steels not by 
composition, but by strength (hardenability), 
toughness (grain size) and machinability (grain 
coarsening temperature). $ 
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TREASURE CHEST 


of useful information... 


From time to time over a period of years our technical 
staff has unearthed new facts concerning metals. This 
wealth of information has been accumulated out of 
wide experience in the solution of problems involving 
the use of Nickel and its alloys. 

On the basis of this experience much helpful litera- 
ture has been compiled. Dealing with the selection, 
fabrication and use of Nickel alloys it can be of great 
help to the metal working industries at a time like the 
present. 

In addition to printed matter, we are glad to make 
available the assistance of our technical staff in solving 
problems arising from a temporary lack of Nickel. 
Your request for literature or personal consultation 
will receive our prompt attention. 


THE INTERNATIONAL NICKEL INC. 
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f a possible shortage in tungsten later in 1941 the Office of 


In 

Pri in Management on June 1] issued an order requiring all users 
of h peed steel to accept at least half their current requirements in 
lou sten, high molybdenum steel. Since many users are unfamil- 
iar its treatment, the following recommendations have been issued 


Heat Treatment of 


Molybdenum High Speed Steels 


Ir sHoutp be borne in mind that where 
er hardening equipment is available in 
which decarburization can be controlled, there 
is no particular problem involved in replacing 
the tungsten high speed steel with the proper 
molybdenum high speed steel. There are differ- 
ences in hardening temperatures and timing 
eveles, but the broad general principles are 
similar, 

Where proper equipment does not exist, the 
special precautions indicated below should be 
helpful. 

High speed steel is defined by the Office of 
Production Management in General Preference 
Order M-14 as follows: 

“The term ‘high speed steel’ as herein used 
is defined as including two classes of alloy steels: 

i) “Class A high speed steel’ is hereby 
defined as either alloy steel containing not less 
than 0.60% carbon and containing more than 3.0% 
molybdenum; or alloy steel containing not less 
than 0.60% carbon, containing 7.0% or less tung- 
sten, and containing more than 3.0% molybdenum. 

ii) “Class B high speed steel’ is hereby 
defined as alloy steel containing not less than 
0.0 carbon and containing more than 12.0° 
tungsten. 

Vote: Other alloy materials may be present 
in the steels of either class, but steel not containing 
bstances named, in the amounts specified, 
not be considered high speed steel.” 


he compositions for molybdenum high 


speed steels as given in Table I include only 
those steels most widely used and established 
for general commercial tool applications. There 
are additional compositions which are used for 
special applications. Since they require special 
heat treatment to properly handle, their use is 
not discussed in this practice. 

For those who are not skilled in handling 
molybdenum high speed steels and who do not 
have decarburization under good control, it is 
recommended that at present they adopt the 
following procedure: 

1. Use the required substitution of molyb- 
denum high speed steels, selecting the type that 
will produce the best results and give the least 
trouble in working. The smaller tools are heat 
treated by shorter cycles and thus the general 
hazards are less. 

2. Proceed on the basis that steels of Type III 
decarburize less than steels of Type I or IL. In 
most cases steels of Type IIL can be treated with- 
out surface protection in the same equipment used 
for tungsten high speed steels. 


f 
Dy 4 spec mittee of 


Norman I. Stotz, Chairman 
J. H. McCadie 
W. H. Wills 
F. Lloyd W oodside 
J. Edward Donnellan, Secretary 
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Table I—Compositions for Molybdenum High Speed Steels the amount of grinding after ho ening 
Annealing — Like tungs| high 
speed steels, these steels sho jd be 


annealed after forging and befo:> hapg. 


Type I, 


bes. Type II, Type ITI, 
MOLYBDENUM-TUNGSTEN 


MOLYBDENUM- TUNGSTEN- 
VANADIUM MOLYBDENUM 


ELEMENT 


Type la Type Ib 


ening, or when re-hardening is r juireg 
Cc 0.70-0.85 0.76-0.82 0.70-0.90 0.75-0.90 Box annealing is always preferable 
WwW 1.25-2.00 1.60-2.30 5.00-6.00 WI 
Cr 3.00-5.00 3.70-4.20  3.00-5.00 3.50-5.00 nished 
V 0.90-1.50 1.05-1.35 | 1.50-2.25 1.25-1.75 tools, and generally when surface pro. 


tection is of prime importance, jt js 
recommended that cast iron chips or 
other mild source of carbon be used for 
packing material. 

Heat slowly and uniformly to the 
temperature given in Table II, soak 
thoroughly and then cool slowly in the 


Mo 8.00-9.50 8.00-9.00 7.50-9.50 3.50-5.50 
Co | See footnote 4.50-5.50 See footnote | See footnote 


Note — Cobalt may be used in any of these steels in varying 
amounts up to 9.00% and the vanadium may be as high as 2.25%. 
When cobalt is used in Type III, this steel becomes susceptible 
to decarburization. As an illustration of the use of cobalt, Type 
Ib is included. This is steel T-10 in the U.S. Navy Specification 
46837, dated November 1, 1939. 


Table I1l—Heat Treatment! of Molybdenum High Speed Steels 


3. Consult with the firms from 


whom you purchase your high speed | Tyrell, Type IL 
steels for their best advice in the light OPERATION ype la _|MoLYBDENUM-| TuNostey- 
of your particular problem. MOLYBDENUM-TUNGSTEN Vanapium | MOLYBDENUM 
Take steps to obtain modern, Forging 1850-2000° F, 1850-2000° F.  1900-2050° F, 
eflicient hardening equipment on the Mat below 1600° F. 1600° F. 1600° F. 
premise that regardless of the kind Annealing 1450-1550° F. 1450-1550° F. | 1450-1550° F. 
of high speed steel being hardened, Strain relief 1150-1350° F. 1150-1350° F. | 1150-1350° F. 
proper hardening promotes better tool Preheating 
life, and better tool life in itself is a — 
big step in conservation. Tempering 950-1100° F. 950-1100° F. | 950-1100° F, | 


IHardening curves of the various types are appended. 

2Under similar conditions Type Ib requires a slightly higher 
hardening heat than Type la. 

8The higher side of the hardening range should be used for the 
large sections and the lower side for the small sections. 


Forging — These steels can be 
forged like the tungsten type but at F 
a slightly lower temperature. See 
Table Il. When heating the molyb- 
denum high speed steels for forging, 
they should be held in the furnace 
for the shortest time possible at the forging 
temperature. 

Like all types of high speed steel, large 


furnace. The steel should not be taken from 
the furnace until it is below 1000° F. 
After machining and before hardening it 


pieces should be preheated to 1000 to 1200° F. 
before heating to the forging temperature. 
Slightly oxidizing atmospheres are pre- 
ferred when no protective coating is used. No 
protection is necessary for ordinary sized forg- 
ings unless long heating cycles are involved. 
Borax is a very effective coating but has the 
disadvantage of making the surface of the steel 
very slippery at the forging temperature, so the 
operator should take due precautions. To mini- 
mize the fluxing action on the furnace refrac- 
tories, an excess of borax should be avoided. 
After forging it is desirable to cool slowly 
to about 300° F. to avoid cracking from forging 
strains. This can be accomplished by furnace 
cooling or burying in lime, mica, or dry ashes, 
etc. Tools that have been forged should be 
machined or rough ground, after annealing, to 
remove possible surface defects and to reduce 


may be necessary to relieve harmful machining 
strains by annealing at 1150 to 1350° F. 

Hardening — The general method of hard- 
ening molybdenum high speed steels resembles 
that followed with 18-4-1, but the hardening 
temperatures (noted in Table II) are lower, and 
more precautions must be taken to avoid 
decarburization especially on tools when made 
from Type I or II when the surface is not ground 
after hardening. Salt baths and atmosphere 
controlled furnaces represent an excellent type 
of equipment for hardening molybdenum high 
speed steel. 

The use of coke fires or the blacksmith 
forge is not recommended for hardenin 2!) 


high speed steel, but if this type of equi) nen! 
is all that is available, Type III may so 
treated if an excess of air is avoided. H: er, 


simple surface protection in such equip 
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Much can be learned by hardening pre- 


liminary test pieces and checking up on 
the hardness, fracture and structure. It 


NOAA 


is difficult to state exact heating times as 


A) 
—- 


79~ Tempered Molybdenum Tungsten 


this is affected by temperature, type of 
furnace, size and shape of tool, and fur- 
nace atmosphere. 


| Rate of heat transfer is most rapid 
a “nem x2*lenath in salt baths, and slowest in controlled 
Sections ~ atmosphere furnaces with high carbon 
56 Analysis: C080 W 161 
cs Si 029 = Mo865 Quenching — Quench the tool in oil, 
be 1 air, or molten bath. To reduce the pos- 
66° sibility of breakage and undue distortion 
= ™ JS in intricately shaped tools, it is advisable 
go” NN LA to quench in a molten bath at approxi- 
mately 1100° F. The tool may be 
ead quenched in oil and removed while still 
a yoe I~ Tempered Molybdenum -vanadium Tie 
60 red, at approximately 1100° F. The 
: Quench Temperature 2225 F \ tool is then cooled in air to room tem- 
2 5 Test Specimens 1°Round x 2"lang perature and tempered immediately to 
Analysis: 085 Gr 425 
6 Mn 020 V 200 | + Straightening — When straightening 
| | | | | | | is necessary, it should be done after 
quenching and before cooling to room 
IT Tungsten-Molybdenum High Speed Steel temperature prior to tempering. 
Size of Test Piece 7*Dia.x3°L Temperi ‘heat s ‘ly ¢ 
| & prob Tempe ring Rehe at slo wly and 
a Tempering Time: 2 Hours aN uniformly to 950 to 1100° F. For general 
| —— ing Heal work 1050° F. is most common. Hold at 
= temperature at least one hour. Two 
&¢ | T TN v4 hours is a better safe minimum and four 
Heat | hours is maximum. The time and tem- 
. Analysis: C 080 W 550 | | | perature depend on the hardness and 
a Mn040 V 150 | | toughness required. Where tools are 
Cr 400 subjected to more or less shock, multiple 
6 | | | | | temperings are suggested. 
200 400 paw x 800 1000 LOC Salt Baths and Furnaces are 
rawing Temperature, described in the adjoining reports from 


Surface Hardness of Small Sections of Molybdenum High 
Speed Steels After Quenching From Approved Temperatures 
and Then Tempering at Various Increasing Temperatures 


safer practice even in the case of tungsten high 


speed steels. 


'he usual method is to preheat uniformly 
in a separate furnace to 1250 to 1550° F. 


and 


transfer to a high heat furnace maintained at 
the hardening temperatures (see Table II). 


with 


“SW ( 


expr 
With 


the 


rience, 


When heated in open fire or in furnaces 
ut atmosphere control, these steels do not 


‘” like 18-4-1. Consequently, the proper 
n the high heat chamber is a matter of 
This time approximates that used 
\-4-1, although it is slightly longer when 
ver part of the hardening range is used. 


committees appointed by the Office of 
Production Management. 
Coatings — Borax may be applied by 
lightly sprinkling over the steel when 
heated to a low temperature (1200 to 1400° F.). 
Small tools heated as above may be rolled in a 
box of borax. Another method more suitable 
for finished tools is to apply the borax or boric 
acid in the form of a supersaturated water solu- 
tion. In such cases the tools are immersed in 
the solution at 180 to 212° F., or it may be 
applied with a brush or spray. Pieces so treated 
are heated as usual, with care taken in the han- 
dling to insure good adherence. 
Special protective coatings or paints when 
properly applied have been found extremely 


useful. They do not fuse or run at the tem- 
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peratures used and therefore do not affect the 
furnace hearth. When applying these coatings, 
it is necessary to have a surface free from scale 
or grease to insure good adherence. They may 
be sprayed or brushed on and usually one thin 
coat is sufficient. Heavy coats tend to pit the 
surface of the tool and in addition cause diffi- 
culty in its subsequent removal. Tools covered 
with these coatings should be allowed to dry 
before charging into the preheat furnace. After 
hardening and tempering the coating can be 
sasily removed by light blasting with sand or 
steel shot. When tools are lightly ground, these 
coatings come off immediately.* 

Special Suggestions —As in the case of 
tungsten high speed steels, tools with sharp cor- 
ners, variable cross-sections, or very large sizes 
should not be given too drastic a quench in oil. 
It is better to remove the tool from the oil when 
cooled to or just below a red heat and allow it to 
cool in the air. Equalizing in lead or molten 
salt at about 1100° F. and then cooling in still 
air is good practice. 

Single point cutting tools, in general, should 
be hardened at the upper end of the tempera- 
ture range as given in Table II. Slight grain 
coarsening in such tools is not objectionable 
when they are properly supported in service 
and not subjected to chattering. 

However, when such tools are used for 
intermittent cut, it is better to use the middle of 
the temperature range. All other cutting tools, 
such as drills, counter sinks, taps, milling cutters, 
reamers, broaches, and form tools, should be 
hardened in the middle of the range. 

Certain applications requiring a maximum 
toughness (to resist shocks) will require the 
lower end of the hardening range. Examples 
are slender taps, cold punches, blanking and 
trimming dies. 

The molybdenum high speed steels may be 
pack hardened following the same practice as 
used with tungsten high speed steels but keep- 
ing on the lower side of the hardening range 
(approximately 1850° F.). 

Molybdenum high speed steels will take all 
the special surface treatments, including nitrid- 
ing by immersion in molten cyanide, that are 
applied to tungsten high speed steels for certain 
applications. 


*The trade names of these products that are 
known at present are as follows: “No-Carb”, Park 
Chemical Co., 8074 Military Ave., Detroit, Mich.; 
“Sel-Car”, National Copper Paint Co., 110 S. Dear- 
born St., Chicago, Ill., and “Ferritol”, E. F. Houghton, 
Third, American & Somerset St., Philadelphia, Pa. 


When borax and boric acid are 
furnace with a silicon carbide bottom, js peo. 
essary to use a metal pan (preferably © gstajp. 
less iron) to prevent the borax from fus 4g wit) 
the silicon carbide. Such fusion pro iuces , 
glass-like insoluble coating on the tool » hich 
impossible to remove without damage to th. 
cutting edge. 


d in a 


Salt Baths 


By a special commiltee of OPM 
A. F. Holden, Chairman 
James McElgin 
JON. Bourg 
W. J. Levy 


J. Edward Donnellan, Secretary 


Introduction — One of the contributing 


factors in the use and adoption of the 


molybdenum types of high speed steels as a 
substitute for the 18-4-1 has been the electri: 
salt bath method for hardening. 

Because molybdenum high speed steels 
decarburize when heated, the conventional-typé 
furnaces are not satisfactory for hardening. Th 
electric salt bath method, when properly con- 
trolled, eliminates this decarburization and is 
satisfactory for all types of molybdenum high 
speed steels. 

Salt Bath Furnaces — In general, immersed 
electrode furnaces are being used where ther 
is sufficient production to keep furnaces operal- 
ing at a reasonable capacity. There are on th 
market today several types of immersed elec- 
trode salt bath furnaces and several types of sal! 
baths. As a guide to those who are considering 


purchasing or installing such equipmen!, 's 
recommended that the selection of this equip 
ment be made to suit their own producto 
requirements from the equipment recon 
mended. 

The immersed electrodes generate !ea! 
directly in the molten salt bath itself the 
electrical resistance of the bath materi’, ané 
produce a positive circulation of the ba\), due 
to the internal stirring action caused the 
electrical flow between the electrodes. — This 
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tion increases the speed of heating 


and nates local overheating, thus aiding 
lose perature control which is always 
A 
adva ous. A properly selected and main- 
taint it bath prevents scaling or oxidation 
of tl rk, and also when properly controlled 
pres surface decarburization. 
Recommended Equipment 
following equipment is recommended 
for heavy production and constant use: 


A three-pot unit consisting of 
Immersed electrode salt 
bath preheat furnace, 
Immersed electrode salt 
bath high heat furnace, 

c) Immersed electrode salt 
bath quench furnace. 

d) Optional: For extremely 
heavy production or large or intri- 
cate sections, two preheats are 
advantageous; the first to be oper- 
ated at 1100-1300° F., and the sec- 
ond one at 1500-1600° F. 

The following equipment is 
recommended for medium or 
light production, when it is to be 
used intermittently : 

A three-pot unit consisting of 

a) Gas or oil heated salt bath 
preheat furnace, 

b) Immersed electrode salt 
bath high heat furnace, (c) Gas or oil heated salt 
bath quench furnace. 

Salt Baths for Hardening — The manutfac- 
turers of salt bath. (listed at end of this report) 
offer complete information on the method of 
use, as well as the method of chemical control, 
so that tools may be hardened free from any 
pitting or decarburization. 

Decarburization or pitting in the high heat 
salt bath is usually caused by the presence of 
oxides. However, the manufacturers of salt 
baths supply a neutral bath containing a suit- 
able deoxidizer or rectifier for the bath, which 
is sullicient to keep the bath free from oxides 
under normal operating conditions. 

(nder abnormal operating conditions, 
where a sufficient amount of new salt has not 
been added, it becomes necessary to make sup- 


plementary additions of rectifier material sup- 
plied by the manufacturer. The manufacturer 
Will supply information as to procedure for 
Mt chemical control to maintain the salt 
atl 


a suitable condition. 


When a refractory or brick lined pot is 
used there is less tendency for formation of 
oxides in the bath. 


Procedure 


For recommended temperatures for hard- 
ening in the salt baths refer to the O.P.M. Com- 
mittee report on the heat treatment of 
molybdenum high speed steels [page 308}. 
Briefly, the procedure is as follows: 

A. Clean work free from scale, rust, oil, 
grease and moisture. 
Use either solvent 
degreaser or suitable 
alkaline cleaner, fol- 
lowed by a clean hot 
water rinse, and thor- 
ough drying. Every 
precaution must be 
taken to prevent 
moisture on tools 


going into the salt, as 
wet tools may cause 
a steam explosion, 
burning the operator. 

B. Immerse in 
preheat salt bath at 
1500-1550" F. Allow 
sufficient time for 
work to reach tem- 
perature of bath. 

C. Transfer to high heat salt bath. Tem- 
perature 2150-2250° F. Allow suflicient time for 
work to reach temperature of bath, plus proper 
soaking time at temperature. |Refer to the heat 
treating practice on preceding pages. | 

D. Transfer to quench bath, temperature 
1100-1200° F. Allow suflicient time to cool to 
bath temperature. Two to five minutes will 
suflice, depending upon size. Remove from salt 
bath and cool in air or oil. Quenching in oil is 
not recommended for work of intricate design 
or work where distortion is apt to occur. 

E. After work has cooled to room ltempera- 
fure, wash off all adhering salts in a hot alkaline 
cleaner. If the work is to be tempered in a 
furnace (air atmosphere), the work should be 
shot blasted, sand blasted, or cleaned by other 
methods, to insure removal of all adhering salts. 
If this is not done, the salt will attack the work 
during the tempering. If a salt bath is used for 
tempering, the work need only be cleaned in a 
hot alkaline solution or hot water. 

Fr. For tempering, see the practice by the 
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O.P.M. Committee on the heat treatment of 
molybdenum high speed steels [page 307 e.s.}. 

Effect of Salt Bath Hardening — Steels 
when hardened in salt baths are entirely sur- 
rounded by neutral molten salt. A salt film is 
retained on the tool throughout the hardening 
procedure, thus preventing decarburization or 
scaling. 

The salt bath hardening method provides 
uniform heating, and this generally results in 
less distortion. All sections of intricately shaped 
tools are uniformly heated by this method. The 
salt bath permits selective hardening. 

When a salt bath is properly selected and 
properly maintained, there is no chemical 
attack by this bath on the molybdenum high 
speed steels. The original surface of the steel 
is retained. 

Molybdenum high speed steels will take all 
the special surface treatments, including nitrid- 
ing when immersed in molten cyanide, that are 
applied to tungsten high speed steels for certain 
applications. 


Manufacturers 


There are many installations of salt bath 
furnaces now in use for hardening molybdenum 
high speed steels. The manufacturers of salts 
and salt bath furnaces listed below are qualified 
by experience to give complete engineering 
service: 

Electrode Salt Bath Furnace Manufacturers 
Ajax Electric Co., Philadelphia, Pa.; Bellis Heat 
Treating Co., Branford, Conn.; Commerce Pattern 
Foundry & Machine Co., Detroit, Mich.; The A. F. 
Holden Co., New Haven, Conn. 

High Speed Salt Bath Manufacturers — Bellis 
Heat Treating Co., Branford, Conn.; The A. F. 
Holden Co., New Haven, Conn.; The E. F. Hough- 
ton Co., Philadelphia, Pa.; Park Chemical Co., 
Detroit, Mich. 

Gas-Fired or Oil-Fired Pot Furnace Manufac- 
turers — Any furnace manufacturer producing pot 
furnaces, of which there are approximately 25. 


Controlled Atmosp! ere 


Furnaces 


By a special committee of OPM 


oe | Hayes, Chairman 
P. B. Crocker 
W. M. Hepburn 
Norbert Koebel 
Karl Ness 


J. Edward Donnellan, Secretary 


Introduction — Molybdenum high speed 
| steels have a tendency to develop a soft 
surface when heated to the hardening tempera- 
tures. Because of this tendency, it is necessary 
and important to exercise certain well estab- 
lished precautions to protect the surface of thes: 
toolsteels. 

In addition to the application of protective 
coatings when conventional type furnaces are 
used, and also the use of high temperature salt 
baths, atmosphere controlled furnaces satisfy 
this demand for surface protection against 
attack. These furnaces are now available in 
both electric and fuel-fired types where the 
atmosphere is independent of the source of heat. 
This permits control of the atmosphere in con- 
tact with the work to be treated. Small and 
delicate pieces can be given the heat treatmen! 
that will develop the good properties of the stee! 
without injuring the surface or overheating thin 
projections. 

The ideal atmosphere is one that ts nol 
harmful to the steel. The atmospheres com- 
monly used are (a) products of combustion and 
(b) inert gases, both of which have been cleaned 
of undesirable constituents and closely regulated 
as to composition. 


The manufacturers of atmosphere con- 
trolled furnaces that are in general use for the 
hardening of molybdenum high speed stec's are 


listed in this report. In each case, it is claimed 
by the manufacturer that these furnaces, \ he? 
properly operated, have proven satisfacto:y i? 
eliminating decarburization or other he ful 
attacks in the heat treatment of molybc (um 
high speed steels. 


Page 312 


li 
be 

ak 

int 
| 

1° | 

oils 

lig 

| 

3 

| 

4 

i 

7 

ik 

| 


racteristics of Atmospheres 


nosphere for the successful heat treat- 


ment 


fa 

whic! 
ing 
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harmful scale or oxidation, 


iolybdenum high speed steels must be 
le of preventing decarburization; (b) 
preventing excessive carburization 
eause wrinkling of the surface, melt- 
e edges, pitting, and embrittlement of 
is edge; and (c) capable of preventing 


Preheat — To prevent the above changes 


from 


king place, the atmosphere for the pre- 


heat temperature is just as important as the 
atmosphere for the high heat temperature. The 
atmosphere for the preheat temperature should 
have the same characteristics as the atmosphere 
for the high heat temperature. A high heat fur- 
nace equipped with an atmosphere for satisfac- 
tory hardening will be of no value if the proper 
atmosphere is not used on the preheat furnace. 


High Heat — As any one of 
several atmosphere control 
methods may be used, no gen- 
eral recommendations can be 
made regarding settings and 
methods of operation, but com- 
petent engineering service 
should be supplied by the fur- 
nace manufacturers. Complete 
operating information should 
always be given by the service 
engineers after the furnaces are 


installed. 
Manufacturers 


In the selection of atmos- 
phere controlled furnaces, the 
purchaser should secure a guar- 
antee that the furnace selected 
will satisfactorily harden molyb- 
denum high speed steels for his 
particular needs without the use 
of surface coating materials. 

*The following manufacturers 
of conventional type furnaces use 
the Sentry Co. method for atmos- 
here control: American Electric 


ul Co., 27 Von Hillern St., Bos- 
, Mass.; American Gas Furnace 


Elizabeth, N. J.; Barkling Fuel 

ing Co., 402 No. Paulina St., 
Ill.; Charles A. Hones, Inc., 
a n, L. L, New York: and 
Industrial Furnace Corp., 
pl ld, Mass. 


| 

I 

{ 

I 
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The following firms are manufacturers of 
controlled atmosphere furnaces and upon 
request will supply bulletins and complete 
descriptions of their equipment: 

General Electric Co., 1 River Road, Schenec- 
tady, N. Y.; C. I. Hayes, Inc., 75 Baker St., Provi- 
dence, R. I.; Hevi Duty Electric Co., 4212 West 
Highland Ave., Milwaukee, Wis.; Lindberg Engi- 
neering Co., 221 No. Laflin St., Chicago, Ill.; The 
Sentry Co.,* Foxboro, Mass.; Surface Combustion 
Corp., 2375 Dorr St., Toledo, Ohio. 

These firms will also supply references of 
those who are successfully hardening molyb- 
denum high speed steels in their controlled 
atmosphere furnaces. They also extend engi- 
neering and metallurgical assistance to furnace 
users as well as heat treat samples or permit 
those interested to heat treat their own samples 
in the respective equipment which is under 


consideration. 


~ 


High Speed Tools in Douglas Aircraft Co.'s Plant 
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n Chapter @ has instituted an annual meeting to honor the memory of the 
e K. Burgess, who in his lifetime was president @. A.1.M.b.. A.S.T.M.. 
on Academy, and Washington Philosophical Society. He was chief of the 
of Metallurgy, becoming Director of the National Bureau of Standards 


George Kimball Burgess 


Tuose or you who knew GrorGe BurGEss 
are, | know, greatly pleased that a memo- 


rial has been established in tribute to him and 


to his lifelong service to the Bureau of Stand- 
ards. And you will also agree that no more 
fitting form for this memorial could be 
employed than that of an annual lecture, which 
through the vears, in conformity with the times, 
can continue to bear evidence of the sound con- 
ception and framework which he gave to the 
metallurgical work of the Bureau and to the 
inspiration his personal contact lent to it. 

| feel particularly honored at being called 
to deliver the first of these lectures “On _ the 
Art of Alloy Engineering”, although I fear that 
my principal, perhaps my only, qualification 
for that honor is the great debt I personally owe 
Doctor Burcess for the guidance and inspira- 
tion which contact with him in those early years 
gave tome. At such a time as this, one is natu- 
rally filled with personal reminiscences — I 
recall him so vividly, his alert personality, his 
keen sense of humor, his wide interest in mat- 
ters both professional and cultural, andthe 
friendliness and helpfulness of his manner of 
administration, 

GrorGe BurGess was always the 
leader, never the mere director! 

‘he personal gifts which he brought to his 
work ere many and charming. Of his profes- 
stone gifts, which were many, I have always 


reckoned as the most significant that happy 
combination in him of the constant sense and 
urge of the practical in research, coupled with 
that passion for accuracy which was partly the 
heritage of his training in physics, and 10-year 
service to the Bureau as physicist. His objec- 
lives were always constructive and of good 
sense, but the means to those objectives had 
always to conform to the highest standards of 
scientific accuracy. No group of research work- 
ers could have had a happier and more stimu- 
lating leader than did we in Division Eight 
(Metallurgy) 
was more unselfish in creating opportunities for 


nor one which had a leader who 


his staff in research and publication. 

Before going to the main subject of my dis- 
course {to be published next month in Merar 
ProGcress| I would like to make some observa- 
tions on the research interests of Doctor BurGEss 
and their far-reaching influence on today’s tech- 
nology. 

His happy combination of a sense for the 
practical and a passion for accuracy are well 


Preliminary remarks to first 
Burgess Memorial Award Lecture 
By Paul D. Merica 
Vice-President 


International Nickel Co., 
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illustrated in the research subjects in which, as 
chief of the newly created Division of Metal- 
lurgy, he took keen personal interest.  Fore- 
most amongst these was certainly his interest 
in pyrometry. At a time when the industrial 
use of pyrometry was yet in its infancy, and 
many of its modern techniques were yet unborn, 
he saw clearly the significance which this art 
was to have for metallurgy. He devoted much 
personal attention to its development in many 
directions — the establishment of pyrometric 
standards, the development of new types of 
pyrometers such as the micro-pyrometer, the 
adaptation of optical and other pyrometers to 
practical uses in steel and other plants. And 
in his public utterances, he always preached the 
lesson of the value of pyrometry to the economy 
and productivity of metallurgy. 

How pregnant of later development this 
early interest of his is now a matter of com- 
mon knowledge. Whereas at the time of 
which I speak —the years 1912 to 1920 — the 
pyrometer was at best a laboratory instrument 
in metallurgical industry, often having to be 
almost furtively introduced into the plant, it is 
now a necessary fixture. Important as_ this 
quite extraordinary growth of the metallurgical 
use of the pyrometer has been, it by no means 
measures adequately the significance of those 
important corollary developments of today, 
which collectively have arisen from the growing 
consciousness of the economic value of accurate 
temperature measurement. 

For temperature control, temperature cycle 
control, then atmosphere control, and finally the 
modern temperature controlled electric or fuel- 
fired furnace for heat treating metal are all 
natural developments of pyrometry conscious- 
ness. And there is no development in metallur- 
gical art more spectacular, both in performance 
and in extent of use, than the cycle and atmos- 
phere controlled heating furnace of today, in 
comparison with the simple, manually con- 
trolled, heat treating furnace of 25 vears ago- 
and | mean manually! Within this short period 
of time, powerfully impelled by mounting rec- 
ognition of the benefits of pyrometric control, 
we have emerged from an era in which metal- 
lurgical heating operations were conducted in 
furnaces in which both time and space fluctua- 
tions of temperatures were considerable, and 
always at the mercy of an artist of most uncer- 
tain abilities. Today, an important new indus- 
trial furnace industry has arisen, which designs 
and produces hundreds of large heating fur- 


naces every year; in them space and e tem. 


perature variations may be control! Within 
5° F., and in a substantial proportio: them 
close atmosphere control is likewise ilabl 

A host of impressive accounts ild by 


given by the various metallurgical ind: «(ries 
the significance to them of modern furjoce 
trol. I cite a comparatively simple : from 
my own experience: Some 20 years avo Mone! 
and nickel sheets were annealed in cast stee) 
boxes. The weight of the box and cover wa 
often greater than that of the sheets, and the 
complete annealing cycle required approyi. 
mately 72 hr. Each sheet in the box had to jp 
covered with a thin layer of finely ground char- 
coal, out of which practice several undesiralh) 
consequences flowed. 

Today such sheets are annealed in a cop- 
tinuous, gas-fired, temperature controlled fur- 
nace, some 170 ft. long, in which the sheets are 
heated and cooled in a_ controlled, reducing 
the complete cycle requiring 


~ 


atmosphere 
only 7 min.! Not only is the cost of annealing in 
such equipment much less than before but, 
what is more important, the modern method 
produces sheet of much more uniform qualily 
in temper, grain size, and surface. And be i! 
noted that pyrometric control is essential to 
the success of this method, since the actual! 
annealing is completed in about 3 min., at a 
temperature of which undue variation would 
definitely substantially over-anneal or under- 
anneal the product. 

I venture to say that if it were possible to 
inventory all of the economies and the enhance- 
ments in value which result currently from 
those improvements in metallurgical equipmen! 
and technique, arising reasonably directly ou! 
of mounting pyrometry consciousness, W 
should find them most impressive indeed 
Review in your minds the economic value 0! 
our close control of heat treating operations ! 
automotive steels today — of our bright anneal- 
ing of steel and brass mill products! Grone! 
BurGEss saw values and paths very clear!y! 

It would be instructive to follow similarly. 
the later course of constructive developmicnt ©! 
other early research interests of Doctor 1) nats 
such as his studies of sound ingot prod ictio® 
the attention he gave to the effects and ‘o th 
elimination of gases in steel and met:'s, !'s 
interest in the performance of railroac mal 
rials and types of failure. A list of thes ould 


in itself form a most stimulating outline 4" 
lecture on progress in metallurgy. 3 
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Correspondence 


American Silver Producers’ 
Research Project 


BripGEPORT, CONN. 
lo the Readers of METAL PROGRESS: 

The American Silver Producers’ Research 
Project, sponsored by several of the leading sil- 
ver producing companies in the United States, 
was reorganized June 1, 1940 and the research 
program and activities were transferred to the 
laboratories of Handy & Harman, where it has 
completed a year of activity. The Project was 
formerly located at the National Bureau of 
Standards, and extended notice of its activities 
and achievements has been given by Mera 
Progress from time to time. 

The field of electroplated coatings con- 
tinues to show promise as an outlet for silver, 
and the pilot plating plant has been kept busy 
on sample drums, pails and cans. At the pres- 
ent time one of the large can manufacturers is 
cooperating with the Project and a chemical 
supply house in the development of a silver 
lined can for packaging chemicals. This work, 
still in the early stages, is progressing satisfac- 
lorily and shows promise. Containers with a 
silver plated coating also have been packed 
with different commodities and some experi- 
mental units have been put into service, with 
various results. It has not yet been determined 
Why some containers have been quite satisfac- 
tory while the contained substances have been 
contaminated in others. 

One of the criticisms of silver lined con- 


lainers appears to be that they do not give sufli- 
cle! superior advantages over those now in 
Usé warrant the additional cost. For the 
senersl run of containers this is undoubtedly 
the e, but it is not true for packaging some 


specialized products. In some instances silver 
lined containers are being seriously considered 
and tested for packaging corrosive materials 
because the corrosion resistance of other metals 
and lacquers is not adequate. 

In recent months the scarcity of many base 
metals has focused attention on the use of silver 
as a substitute for aluminum, nickel and tin. 
In places where sheet or foil aluminum has 
been used for its corrosion resistance or high 
reflectivity, it is apparent that silver plating on 
available metals can be substituted since it pos- 
sesses these qualities, for most purposes, to an 
even better degree than aluminum. Silver 
electrodeposits are being studied as a substi- 
tute for nickel, as an undercoating for chro- 
mium plating. A series of experiments is under 
way to determine what advantages may be 
derived from the use of a corrosion resistant 
electroplate of silver, followed by a hard, wear 
resistant chromium deposit. It is hoped that 
the two metals, aluminum and nickel, badly 
needed for national defense, which are used in 
refrigerator shelves, ice cube trays, toasters, 
waffle irons and others, can be replaced at least 
in part by silver. 

The project has also conducted experiments 
to determine the strength of extruded tubing 
made from a 3.5% silver, 96.5°° tin alloy. A 
bursting strength of 2500 psi., or almost double 
that of pure tin, was obtained and this is appar- 
ently far in excess of any working pressure 
encountered in distilled water lines where this 
material is finding commercial use. Tests on 
threaded joints showed that the alloy had a ten- 
sile strength 25° greater than joints made with 
pure tin tubing. (For certain installations it 
would seem feasible to use threaded connec- 
tions in distilled water lines if the tubing were 


made of the silver-tin alloy.) 
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Both the 3.5% silver and 5‘: silver-tin 
allovs are finding applications as_ solders. 
Interest continues in the possibilities of using 
lead-silver solders in place of the standard lead- 
tin allovs in automatic can making machines. 
There are many reasons for this and important 
among them is the fact that a large saving in 
the use of the strategic metal tin would result. 
The 21‘: silver-lead alloy is cheaper than the 
standard 50-50 solder and joints equally as sat- 
isfactory can be obtained. Many of the larger 
can manufacturers are experimenting with 
these alloys to obtain data on actual operating 
conditions and service tests. 

|Eprror’s Nore -— The utility of silver as a 
major alloying element for the common metals 
was studied early in the Project's life at the 
Bureau of Standards with disappointing results. 
A recent development of the greatest interest, 
however, is the strong extruding allov of mag- 
nesium containing 6° silver. | 

The Silver Project's Fellowship at Lehigh 
University has continued the corrosion studies. 
Tests include not only a study of different chem- 
icals but also a study of a large number of dif- 
ferent’) commercial products which be 
manufactured in silver equipment or packaged 
in silver containers. 

More recently a study has been started on 
the corrosion of silver-to-silver joints made with 
different silver brazing alloys. This is of par- 
ticular interest in connection with the manufac- 
ture of silver lined chemical equipment. All of 
this work has been carried on in a thorough 
and comprehensive manner and many valuable 
data have been obtained. Prospective users are 
invited to avail themselves of it. 

Rosert H. Leacu 
Vice-President 
Handy & Harman 


Welded Ships Save One-Fif) 


CLEVELAND 
To the Readers of Mera ProGress: 

A recent statement from the Unitew States 
Maritime Commission about the savings in stee) 
effected by modern designs and methods of ship 
building makes a better case for welded ship 
construction than would probably be claimeg 
by welding engineers. The Commission's state. 
ment follows, in part: 

“Saving of more than a half-million tons oj 
steel is the contribution of modern ship designing 
and construction to the Maritime Commission's 
tremendous shipbuilding program now under way 
That is the amount of steel that is being conserved 
in the construction of 705 Commission-designed 
ships by introduction and employment of methods 
not known in the first World War, when this coup. 
try made its last great shipbuilding effort. 

“If the 705 merchant ships were buill unde: 
World War conditions 2,775,000 short tons of ste: 
would have been required. But today, under ‘hy 
most modern methods, they will require abou 
2,196,000 short tons. 

“Since the last war, naval architects have bee 
on the alert for any chance to save weight in th 
construction of ships. Any saving in steel means 
less steel to buy, less material to handle, greate: 
cargo-carrying capacity, and more economy 
operation. 

“The greatest single weight saving advance has 
been the introduction of welding. This has s 
replaced riveting that, today, entire ships are being 
turned out without a single rivet.” 

On the basis of these figures, 579,000 tons 
of steel are saved, or 21‘ of the weight of th 
equivalent ships of 1916-1918. On the average. 
the 705 ships now under construction requir 
3100 tons of steel, so the saving over the 11S 


ship would amount to enough steel for 186 addi- 


Typical Examples of Ship Steel Saved by Welded Construction 


VESSEL Yarp WHERE BUILT LENGTH 
VESSEL SAVED 
Dolomite I Freighter Dolomite Marine Corp., Rochester, N. Y. 214 ft. 2 
Algoma Tugboat Sturgeon Bay Shipbuilding & Dry Dock Co., 
Sturgeon Bay, Wis. 45 l 
I :m Yank Towboat Sturgeon Bay Shipbuilding & Dry Dock Co., 
Sturgeon Bay, Wis. 165 
Norfolk Freighier Great Lakes Engineering Works, River Rouge, Mich. 300 
Patty Nolan Tugboat Merritt-Chapman & Scott Corp., New York, N. Y. 45 
Studerus Tanker United Dry Docks Co., Brooklyn, N. Y. 64.5 
Lewis Tugboat Hanson Marine Ways, Galveston, Texas 55 l 
Betty H Tugboat Eliot Shipyard, Houston, Texas 70 ! 
Tanker Federal Shipbuilding & Dry Dock Co., Kearny, N. J. 450 I P= 
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ssels, which moving together would 
ot 2,000,000 tons of cargo each trip. 


our own extensive files on welding, 
s F. Lincoln Are Welding Foundation 


thre 

7 , cite typical examples showing steel 
we n ship construction ranging from 71‘ 
to 2 nd averaging 15.9% over riveting. Thus 
the es from the Maritime Commission rep- 
rest a further advance in weight saving, 
mosti. due to the capabilities of the welding 
met! It should be noted that there is no 
countcrvailing penalty in extra time of construc- 
tion; welded ships are made in substantially less 


time than riveted ones. 
iypical examples of weight saving from 
American shipbuilding practice in recent vears 
are contained in the attached tabulation. 
Ep C. Powers 
Assistant Secretary 
James F. Lincoln Are Welding Foundation 


Moderate Cold Work 


increases endurance limit 


INDIANAPOLIS, IND. 
To the Readers of ProGress: 

lt is a fairly widespread impression in the 
forging industry that “coining” of forgings, or 
light cold working to size, will measurably 
increase the fatigue resistance of the coined 
pieces. On the other hand, some people think 
that any effect would be limited strictly to the 
surface layers. It may be of general interest to 
present some data applicable to this situation 
acquired during the author’s post-graduate 
work at the University of Wisconsin under the 
guidance of Prof. Joserpu F. 

A study was made of a single long bar of 
S.A.E. 1035 steel, so chosen because it is used in 
large quantities by the forging industry. It was 
cul into five pieces; one length was used as hot 
rolled (1); in. dia.). Three other portions were 
drawn to 1 in, 42 in., and 7, in. dia. (respee- 
lively 11.5, 22.2 and 32.2¢ draft). The fifth 
piece broke on attempting to draw it to }% in. 
his work was done by Wyckoff Drawn Steel 
through the kindness of ANGus G. 

‘wenty-four standard fatigue specimens 


lor the R. R. Moore machine were cut axially 
‘rom each of the four bars; eight were tested 
ws Wos; eight were aged at 600° F. for 1 hr. 
before testing; and eight were stress-relieved 1 
ht 1200" F. This heat treating was done by 
H. Ertexson at Snap-On Tool Corp. 


The attached diagram gives the results of 
endurance tests run to 10 million cycles (well 
bevond the “knee” of the S-N curve in all cases). 
It may be concluded that cold working in the 
neighborhood of 28°° draft (reduction in cross- 
section) gives the best endurance limit for plain 
0.350 carbon steel. A considerable scatter in 
the results at these heavy drafts indicates, how- 


Cold Drawing up to the Verge of Over- 
Draft, With or Without Aging. Increases 
the Endurance Limit of S.A... 1035 Steel 


55 
| | 


a Cold Worked and Agedat 
600% ~ 
a7 
Pa 
50 
T 
Haraness of VAN 
Notd % 
= 
~ A rid Cold Worked Only 
4 
8 94 Ri 
aA 
Cold Worked and Stress -Releved 
at for 1 Hr 
84 Rg 
35 | Fg 
0 10 20 30 


Reduction in Area by Cold Drawing, Ye 


ever, that the limit of safe drawing has been 
reached and that there may already be incipient 
cracks present in the samples. Aging at 600° F. 
not only increases the endurance limit but also 
makes the material more uniform in its testing 
behavior. At 1250° F. rapid reerystallization 
sets in after cold working somewhere between 
12). and 21%. draft, and the endurance resist- 
ance of such recrystallized material is no higher 
than that of the as-rolled bar. 

The results of this study indicate, therefore, 
that the endurance limit of forgings of medium 
carbon steel cam be increased up to 25‘: by 
appropriate cold work, with or without subse- 
quent aging at 600° F. However, the slight cold 
work involved in many coining Operations 
would apparently have very little influence. 

Tuomas G. Harvey 
Metallurgical Engineer 
Monarch Steel Co. 
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Star Gazing 


ENILoM, USonta 
To the Editor of Mera ProGress: 

The true scientist should be interested only 
in facts, in truth. But aman in the august posi- 
tion of Editor of Merat Progress should also be 
discreet, should recognize the political angles. 
Consequently it is disappointing to find your 
pages used for propagation of propaganda. 

When the New Order comes to this country, 
when Aryan enlightenment reaches us, Mein- 
herren Gorspets and will demand an 
accounting from you as to why you permitted 
vourself to be used as a tool of the Jewish inter- 


national bankers and President Rosenrect. 


f 
> we 


Cast Alloy Steel; 0.85% C, 12.0% Cr, 3.5% Ni. 
1.0% Mo. Quenched in oil from 2200° F., 
drawn at 1340° EF. Polished and etched 
with Murikami reagent. Magnified xX 


I refer not only to the several times the 
Editor’s apparent decadence led him to make 
remarks in support of democracy, nor to the 
vicious chart he once published showing what 
problems would be settled by the Great Crusade, 
but most specifically to the photomicrograph on 
page 56 of the July issue of the capitalistic 
Mera ProGress. 

A really competent censor would have 
instantly recognized the Zionist symbol, the Star 
of David. How thoroughly the forces of resist- 
ance to the New Order have infiltrated! Even 
the molecules in their mysterious motions are 


harnessed to the subtle work of the delu. d foe. 
of the Wave of the Future. 

This contamination of our metals | 5 jeg, 
soing on entirely too long. It must be /pped 
I discovered it only the other day in | nother 
enlarged view of metal, authoritatively said 
have been photographed in the Krupp labors. 
tories in Essen, Germany, in 1935. Nevertheless 
it contains the same subversive sign. Sie tha 
time that laboratory, I know, has been purged 
of such non-Aryvan personages as Rises 
Srrauss, co-discoverer of the stainless stee! 
known as 18-8, so doubtless such metallic 
arrangements will never appear again. 

METALLURGICUS 

P.S. Could it have been due to the Japanes: 


reagent? 


Corrosion of 


Ordnance and Munitions 


UGINE, Savoie, Franci 
To the Readers of Mevat ProGress: 

The length of service or useful life of 4 
part, a machine or a metallic structure depends 
both on its mechanical strength and what may 
be termed its chemical strength. Mechanica! 
strength is resistance to alteration by wear, by 
abrasion, by deformation, resistance to ruptur 
by impact (toughness) or by fatigue (endur- 
ance). In a similar sense, chemical strength is 
resistance to the chemical action of the sur- 
rounding medium, or resistance to corrosion Uj 
lo a limit which may depend on the amount ol 
change permissible in the surrounding medium 
(for example, machinery in a chemical plant), 
or in the exterior appearance (for example, 
decorative parts), or in the tightness (piping 
and vessels, for instance), or in the mechanical 
strength (the general case of the wasting awa) 
of the body of structural members). This chem- 
ical strength depends on the metal, its prior 
treatment and maintenance, and the condition 
of the surface. 

Alteration by chemical corrosion may act! 
conjunction with mechanical stress but occurs 


constantly in the absence of the latter it IS, 
in machines not being used and parts the 
warehouse or in stock. That is what causes the 


difference between manufacture of mur lols 
and ordnance in time of war and in the !> opie! 
times of peace. 

In general, a metal (and its surface (8! 
tion) is chosen in such a way that the ful 
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life shall be longer than the useful 
il life, the length of service of the part 
dependent solely on its mechanical 


sire 
ies of peace, artillery and ammunition 
mus e maximum longevity compatible with 
reas le cost, so that corrosion resistance 
may ome the primary consideration in the 
cho { materials which are held in arsenals 
and immediately used. 
imes of war, on the other hand, length 
of service is not conditioned by corrosion but 
by the use to which the materials are put. This 
ye riod of service, as for instance with aeronaut- 


ical materials, may be relatively short; often it 
is determined by the life of the motor. Like- 
wise, the useful life of a projectile is extremely 
short. Availability of raw materials replaces 
ost as the first consideration; furthermore, 
appearance is usually immaterial. 

Manufacturing tolerances should also be 
revised in war time, and limits may properly be 
adopted to speed production which are unac- 
ceptable in times of peace. 

Let us consider a few examples. 

In a hydroplane, it is important that cer- 
iain parts, necessarily made of light alloys 
because of the fundamental requirement of 
light weight, be highly resistant to marine cor- 
rosion in peace time. Hence the choice of spe- 
cial corrosion resistant alloys and processes for 
corrosion protection. In war time these con- 
siderations lose their importance. 

A cartridge case manufactured in peace 
lime must be capable of long storage without 
chemical alteration; hence the use of alpha 
brass of 67 to 70° copper, likewise recom- 
mended for ease of forging and of repair for 
re-use. In war time the factor of copper sup- 
ply, together with the rapid consumption of 
munitions, tends toward the use of steel or 
aluminum for cartridge and shell cases, and 
protective measures are chosen suflicient for 
the brief chemical life required. (It should be 
recalled that the substitution of steel for copper 
and brass was experimented with at the time of 
the last war for cartridge and shell cases, cart- 
ridge belts and various small parts of fuzes. 
Stee! link belts are, I understand, now standard 
in your country for machine gun ammunition.) 

Shell fuzes are likewise made largely of 


brass. either of a type which can be forged or 
vhe which can be cut, in such a way as to com- 
bine mechanical workability and durability of 
ar “actured parts. For the same reason of 


copper supply, there is a trend toward the use 
of zine-base alloys (or aluminum) already 
experimented with in the previous war. Prog- 
ress since made in pressure die casting, and the 
present purity of industrial zines, offers 
improved fabricating facilities together with 
improved resistance to corrosion. 

As to rifles and side arms, rapid burnishing 
processes offer suflicient protection for the 
length of service. 

Protective processes for magnesium which 
would be considered insuflicient in peace time 
are also acceptable in war time. 

In other words, it is superfluous to endow a 
part with much greater corrosion resistance 
than the average life of the apparatus. 

Likewise requirements of purity — particu- 
larly the absence of lead in metals such as steel 
and tin which must be in contact with nitrate 
explosives of the picric acid and similar types 

become less necessary as the time of contact 
is reduced. 

Thus, many of the exigencies of manufac- 
ture imposed by the possibilities of corrosion 
during storage in peace time disappear in the 
course of war. Two types of manufacture 
should therefore be foreseen, for war and for 
peace, differing particularly in the choice of 
materials and surface protection, and deter- 
mined by considerations of corrosion, manufac- 
turing cost and material supplies. They may 
be entirely dissimilar under the two circum- 
stances. 

M. Porrevin 
Consulting Metallurgist 
Bessemer Medalist 


Impact and Hardness Tests 


CovENTRY, ENGLAND 
To the Readers of MevTAL PROGRESS: 

The following supplementary notes to 
Gorpon T. article on “Impact and 
Hardness Tests” may be of interest: 

Over here the Izod test (incidentally also 
mispronounced as in the United States) is more 
popular for routine tests than the Charpy. Gen- 
eral practice, where a large number of tests are 
being made, is to use the round form of speci- 
men with three milled notches as covered by 
the British Standard Specification 133 of 1933, 
and 2.A4. (Aircraft Materials). Conflicting 
opinions are expressed on the comparability of 
the figures obtained with the round and square 
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specimens, but the writer has made numerous 
tests on these two forms of specimens, and so 
far has not observed any appreciable discrep- 
ancy between the figures obtained for the usual 
automobile steels. 

Probably one of the most valuable uses of 
the impact or notched-bar test not mentioned in 
the article is in the investigation of temper brit- 
tleness. It appears to be far more sensitive 
than any other practical form of test in the 
determination of the susceptibility of steels to 
this undesirable condition. 

The Vickers hardness testing machine is in 
general laboratory use in Britain, and is the 
accepted standard test, although Brinell and 
Rockwell machines are used for routine tests, 
and the Scleroscope is used to a limited extent. 
Several types of machines are becoming popu- 
lar which work on the Brinell principle, but give 
a projection of the impression on a_ screen 
equipped with a measuring device. 

R. J. Brown 
Chemist and Metallurgist 
Morris Motors, Ltd. 
Engines Branch 
Epiror’s Nore—— Evidently the Luftwaffe 
failed to Coventryize Morris Motors, or else Mor- 
ris Motors landed on its feet! 


Wear and Scuffing 
of cylinder bore irons 


DARLASTON, STAFFS., ENGLAND 
To the Readers of Mevat ProGress: 

“Cylinder bore wear is just about in a class 
with politics and religion, for it is one of the 
most controversial subjects which engineers can 
argue, the reason being that there is so little real 
fundamental engineering data available.” This 
statement is due to Max Roenscu of the Chrysler 
Corp., and if it is true no further excuse is 
needed for making another contribution to the 
already extensive literature on this subject. 

The very interesting notes and investiga- 
tions by Pau S. Lane on this subject which 
appeared in the March issue of Merat ProGress 
draw attention to the importance of the struc- 
ture of cast iron on its behavior under wear 
conditions. They show also the possibility of 
wide variations in the structural character of 
cast iron taken from various portions of a cast 
iron monobloe cylinder. Other workers in this 
same field have also emphasized the importance 
of the structure. While it is agreed that this is 
of importance, in view of the nature of wear 


in internal combustion engine cylinde: thes, 
observations on structure ought not to stra 
attention from the actual mechanical pr. jertie, 
of the material constituting the cylinder | jock. 

It is possible to determine the nature of the 
various mechanical properties in cylinde> block 
material. 
is taken from a study of this type in conicetioy 


The following interesting | unph 


with three sand cast monobloc castings of the 
type used for commercial vehicle engines. The 
castings were all made in dry sand molds with 
oil sand cores. One was tested “as cast”, one 
was tested after stress relief anneal (stabj- 
lized) and one was taken from an engine after 
100,000 miles running. The composition of th 
castings examined was as follows: 


ELEMENT As Cast STABILIZED USED 
Total carbon 3.06% 3.28% 3.25 
Combined carbon 0.66 0.80 0.65 
Graphite 2.40 2.48 2. 60 
Silicon 1.56 1.60 1.77 
Manganese 0.78 0.95 0.94 
Phosphorus 0.36 0.37 0.64 
Chromium 0.11 0.23 


In each case one barrel was detached » 
machining from the six cylinder monobloc cast- 
ings. The barrel thus detached was machined 
to an internal diameter corresponding to th: 
bore of the finished cvlinder, and then machined 
externally and parted off into adjacent rings of 
a uniform radial thickness of O.14 in. and 
length of ,{, in. In the case of the used cylinde: 
the test rings parted off were machined to the 
same outside diameter and radial thickness, bul 
ihe used surface of the bore was left untouched 
The adjoining diagrams show the variatio 
in the properties from the mouth end to the 
explosion end in each of the evlinders exam- 
ined. The properties dealt with are the tensile 
strength, the modulus of elasticity (EN value), 
the Brinell hardness, permanent set and inter- 
nal stress values. Each of the diagrams reveals 
interesting variations. 

In the case of internal stress as revealed ) 
the gap movement when the ring was sawed 
apart at one element, this varies in the “as cast” 
specimen from a positive value (gap opening) 
at the mouth end, passing through a nevative 
value (gap closing) in the neighborhood of the 
junction of the barrel with the bottom portic® 


of the water jacket, passing again to a pooillve 
value and then to a negative value at the © \plo- 
sion end. Results for the stabilized cy) ide! 
were taken from the corresponding ba ol 
another monobloe casting after submittin 4 
low temperature stabilizing treatment b al- 
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Cylinder Bore lron, Cast 


Vionobloc, as Determined ona 
Series of Rings, 0.14 
Thick, Machined From Metal 


+ Variation in Properties of 


AN {djoining the Inner Bore 
| 4 a 
S 
/ / - . . 
} ing to C, (1025° F.) for 3 hr., 
8 / iW | re and it is obvious that the treatment 
> | ANT | | || iW has been sufficient not only to 
5 | \ me | equalize the internal stresses, but 
Sp Hi + Cylinder + + 
(As Cast Cinder | them to a comparatively 
Internal Siress | | 
-030 rhe example from the worn 
| | . . . 
an ] cylinder is interesting as it shows 
35 FT TT] TTTITTI TTI TT] the results in a cylinder bore after 
IN| | | | 100,000 miles service in an engine. 
S 3} NA fi j The variation in sign of the stress 
/ | | | B and the very high negative value 
| Cost_| | | a (net compression) at both the 
Cynder NY | extreme mouth end and the explo- 
| 
SN | ™\ sion end are the outstanding fea- 
5 aad tures. An effect which will be 
> | | | | | presumed to be due to the cooling 
15 : , conditions at the junction of the 
| evlinder barrel and water jacket 
22 | | | | Tensile Strength will Is | ry | . tl { 
t Cyinoer l aiso be ea in inter- 
T nal stress measurements the 
< 20 A + “as cast” cylinder. Such variations 
18 > 7 the author and the existence of 
& AL such internal stresses in cylinder 
a=! | ised Cylinder castings and the variations in their 
ri ii | Bee magnitude and distribution is a 
4 
20 J factor which must be taken into 
Cast Cylinder AS | consideration in studying the 
| | ( bilized Cylinder behavior of engine cylinders. 
LEAL rhe tensile strength and mod- 
TT ITI ulus of elasticity (EN value) have 
~ 72 | 
ys Y8RTT T ; been determined on the annular 
> \ | AY! 
g Cy] rings in accordance with the man- 
S ner laid down in the British Stand- 
an LLL TTT TTT ard Specification No, 5004 for 
4 Stabilized Cylinder| | | | | | | | Ardness 
TTTTTTT 1 + permanent set values were deter- 
| As Cast Cynder | and express the set as a percentage 
\ ge | | TI Bm of the total deflection of the test 
§ 7 \A at | ring occurring at this stress. The 
YT] TWH 1 T Brinell hardness figures were 
AWA ometer. Variations in each of the 
Vii! properties at various positions in 
Mouth End “Baploain End the evlinder bore are of interest, 
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and such variations must be expected to have 

an influence on the behavior of both the cylin- 
der and piston rings during service. 

Investigations of this nature have proved of 

very great value in examining both engine cyl- 

inder and piston ring failures. 
James E. Hurst, D. Met. 
Bradley & Foster, Ltd. 


Steel Industry in Brazil 


PITTSBURGH, Pa. 
To the Readers of Mevat ProGress: 

Returning from a stay of eight months in 
South America, particularly to investigate the 
metallurgical opportunities resulting from the 
recent disruption of usual trading arrange- 
ments, some general impressions concerning the 
steel industry in Brazil may be interesting. 
These observations are given with a background 
of several years’ previous residence in South 
America as consultant of existing iron, steel and 
copper producing companies. 

Most of my American acquaintances seem 
to believe that the iron and steel industry is 
non-existent in Brazil. As a 
matter of fact, during the past 
few years it has developed at 
an accelerated pace and _ its 
progress is well worth watch- 
ing. Brazilian industrialists 
(under the urgency of the gov- 
ernment which, by the way, is 
a true dictatorship after the 
European model) show a strong 
determination to build up a 
self-suflicient economy. They 
are proceeding in an orderly 
manner, they believe, so as to 
benefit the people generally. 

Brazil has enormous mineral resources of 
all kinds. The exploitation of these may well 
change the balance of industrial production in 
the world. In the State of Minas Geraes alone 
(whose very name indicates “many mines”), 
iron ore deposits of good quality are estimated 
to contain over 15 billion tons. The essential 
manganese is also readily procurable in metal- 
lurgical grade. 

Numerous small smelters of 10 to 15 tons 
daily capacity in pig iron, in many points simi- 
lar to the first furnaces used in Pennsylvania, 
have been built. During the last ten years, 
European engineers, mostly from Belgium, 


France and Luxembourg, have creat well. 
designed and integrated production u; with 
eflicient charcoal blast furnaces of cay -jty to 
supply substantial and modern rolli; mills, 
The iron ore used contains between 62 9 66% 
iron and is low in phosphorus. The ¢ 
is of good quality. Exploitation of the forests 
is done in such a scientific way that practically 
an indefiaite supply of charcoal is assured 
The smelting, steel making and rolling are on 4 
level with the same industry in Sweden and the 
quality of the products made by some of the 
Brazilian companies is comparable to Swedish 
iron and steel products. 

The present production in Brazil, while stil! 
small, is growing very fast. Available statistics 
show during the year 1939 a total of 144,000 
metric tons of steel shapes produced there 
against a total of 268,000 tons of imported steel 
products. However, this gap is quickly disap- 
pearing as most Brazilian companies are 
increasing their capacity. 

This can be clearly seen from the figures 
published by the largest of these companies, 
namely the Companhia Siderurgica Belgo 
Production from this company’s 

Sabara and Joao Monlevade 


Mineira. 


plants is, in metric tons: 


1939 1940 
Pig iron 72,452 84,658 
Steel 58,961 85,533 
Rolled steel 40,787 74,502 


indicating an increase in ton- 
nage of approximately 
in a year. 

This company is adding 
four more blast furnaces. 
which when completed will 
give a total of eight. It is also 
adding two more openlheartl 
furnaces, which when com- 
pleted will make available seven excellent 1 
ton furnaces. It results, therefore, that by th 
beginning of next year, the steel production o! 
this company will be well above 150,000 tons 
per vear. 

Supplementing the efforts of private | razil- 
ian companies to increase steel production, th 
Brazilian Government, under the Urs- 


ing of President GeruLio Vargas, has or: ized 
a Brazilian National Steel Co. The desig» and 
construction of a steel plant for this co! an) 
is in charge of the well known engin M's 
firm of Arruur G. McKee & Co. of Cley ‘and 


Ohio. The new plant (Continued on po 20 
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The performance capacity of many cast iron parts is Hence the growing use of flame hardened Molyb- 

greatly improved by flame hardening. The problem denum irons for such vital machine parts as automo- 

is to find the proper irons. tive engine cam shafts, bearing rings, lathe ways and 
Molybdenum irons have a wider safe hardening die blocks. 

temperature range: cases are well bonded to cores; Write for our free technical book, “Molybdenum in 

distortion is held well within allowable minimums. Cast Iron”. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
MOLYBDIC OXIDE BRIQUETTES FOR THE CUPOLA—FERROMOLYBDENUM FOR THE LADLE 


Clima 
500 Fiji 


pany 
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Brazil (or coke will be brought in cannot be used alone in exist. 


e by freighters). The announced ing charcoal blast furna, 
13 razil capacity will be 300,000 tons of When the production 9f thi. 
steel products per year. new mill becomes availa). >. Bra- 
This project, which our Gov- zil will Le practically j pend- 
(Continued from page 324) ernment is helping to finance, is ent of importation of man, 
will be located on the South interesting for several reasons. classes of steel products. 4s est. 
Atlantic shore at Volta Redonda, One of its problems is the pro- mated by past needs This 
approximately midway between duction of good metallurgical increased production, however. 
Rio de Janeiro and Sao Paulo. coke from Brazilian coal. This will undoubtedly be an incentiye 
The iron ore will be shipped by is needed to permit the use of the to the further development ang 
rail from the State of Minas rich compact hematite deposits industrialization of the country 
Geraes and coal from Southern so abundant in Brazil, but which For years to come, the require. 


ments in iron and steel products 


for its transportation system 
(railroads, bridges, ete.), as well 
as for city construction and 


When ts a 


gueslion 
LIGHT COLOR 


PUTTING | 
HIGH CUTTING 


QUALITY ) plants will have to be doubled 
7 Stuarts many times. 


As a result of the present lack 


On “QUPER- KOOL” of available coal or oil near th: 


iron ore deposits, the progressive 


improvements and for the pack- 
ing industry, will necessitate a 
continuous increase in steel pro- 
duction by the existing plants. [Ij 


to this are added the require- 
ments for building a merchant 
marine and an adequate Navy, 


as well as requirements for arn a- 
ment and munitions, the capacity 
of the existing and projected 


America’s First Transparent Sulphurized Cutting Oil 
engineers pioneering the iron and 


HILE it is scientifically recognized that dark colored Steel industry in Brazil have 
sulphurized cutting oils are superior to light colored oils developed, conjointly with me, 
for the very “tough” metal cutting operations, there are many several new methods of produc- 
classes of machining for which transparent cutting fluids may be tion of great technical interest. 


used without affecting performance values. As the leading 


example of light colored transparent sulphurized cutting oil One is a method of rapid refining 


STUART'S “SUPER-KOOL” offers many unique and exclusive of pig iron into steel, akin to the 
advantages: process described by Protessor 
1, Permanent sulphur content. No precipitation in drum PorTEVIN in two of his letters 

or storage tank—summer or winter. No appreciable from France. The principle is the 

loss in cutting quality after centrifuging. same -—that is, get an_ intimal 


Free from the slightest objectionable odor. dua 
Pale amber in color and transparent when blended the pig iron — but in my process 
with paraffin oil or equivalent. 


2 
3 
he pig i fr a blast furnace 
4, Less base required to match a given standard of cutting the pig iron from a bias 
5 


is partially refined by spreading 
it out in a thin continuous film in 
intimate contact with a film o! 
molten slag, separately melted 


quality and therefore more economical. 
Recommended by foremost machine tool build- 
ers and used in thousands of metal working 
machines for cutting, grinding and deep drawing. 


Put “SUPER-KOOL” advantages to work for you from iron ore and limestone. This 
Now! Sold as a base or in ready-to-use mixtures removes much of the phosphorus. 
for Steel, Brass, Bronze and Aluminum. silicon and manganese and some 
WRITE FOR new booklet—*'Stvart Oils—The Straight Line to Metal ‘i Sr, then 
Working Efficiency.’’ It describes in detail mony of the utilities of the of the carbon. This meta! ren 
highly recommended tool Free to personnel nen- 
of metal working plants. charged, still liquid, in the »p 


hearth, and requires less [hat 
half the usual time to finis 
J. M. Mer 

Metallurgical ! neer 


For All Cutting Fluid Problems 


D. A. STUART OIL co. 
Chicago, U.S.A. LIMIT Est. 1865 
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ALUMINUM AND MAGNESIUM HEAT TREATMENT 


is no problem TODAY... 


BECAUSE PRACTICAL STEEL TREATERS WORKED 
FAR INTO THE NIGHT SEVEN YEARS AGO... 


ORIGINALLY DEVELOPED for production tempering of 
‘tecl parts in a commercial steel treating plant, the 
laboratory accuracy of the Cyclone Heating Principle 
was by no means a happy accident. The first Cvclone 
produced was operated for a vear in the Lindberg 


° . rir 
Steel Treating plant before it was announced. The 


result was a heating principle which has successively 
olved the problems of steel tempering, low tempera- 
'¢ heating and annealing, and brass annealing, in 
of plants. The inherent accuracy of the 

fitted it ideally for the extreme heating uni- 


required in aluminum and magnesium heat 


treatment . . . and today hundreds of Cyclones are 
in service in aircraft plants, accessory plants, and 
aluminum and magnesium foundrys. 

If you have contracts for heat treating work 
which will have to stand up against 100‘; inspection, 
whether it be for steel or non-ferrous heating, then 
check on the Cyclone. Your local Lindberg office can 


show you installations on almost any type of work. 


LINDBERG 
ENGINEERING 
COMPANY 


2448 W. HUBBARD ST. CHICAGO, ILLINOIS 


997 
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Personals 


James T. Kemp ©. formerly 
with American. Brass Co. in 
Waterbury, Conn., is 
Washington as adviser on non- 


now in 


ferrous metals, Government Con- 
servation Branch, 
Division, OPM. 


Purchases 


Justus M. Krappe ©, tormerly 
gas engineering associate at Pur- 
due University, has joined the 
editorial staff of Western Busi- 
ness Papers, Ine., as_ technical 
adviser to Gas, Butane-Propane 
News, and as editor of the Hand- 


book of Butane-Propane Gases. 


Eugene E. Everett &, formerly 
metallurgist for Muncie Gear 
Works, is now with the A. F. 
Holden Co. in New Haven, Conn. 


Pangbor 
Special Machines 
_doing a big job whe 
cleaned © 
moved faster—an 


ROTOBLASTING of shells, 
many other such pieces. 


plate and 


d 
n_ Airless ROTOBLAST Barrels, Tables an 


are relied upon today 
rever metal parts or 


r finished for Nation 
d costs are lowere 


bombs, 


WORLD'S LARGEST MANUFACTURER OF BLAST CLEANING & DUST CONTROL EQUIPMENT 


as never before 
e being 
al Defense. Work is 
d by automatic 


gun mounts, armor 


PANGBORN CORPORATION - - - HAGERSTOWN, MD. 
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Paul A. Beck &, form 


at 
the Central Research Lah ry 
of the American Sme! & 
Refining Co., has accepted Isi- 


tion as metallurgist wit) {he 


Beryllium Corp. in Readi Pa 


Erich Fetz © has join | the 
staff of C. O. Jellif! Mfg rp., 
Southport, Conn., as chief 
lurgist. 


Norman P. Goss @&, former|y 
director of research, Cold Metal 
Process Co., Youngstown, Ohio. 
is now research engineer, Ameri- 
can Steel & Wire Co., Cleveland 


A. B. Greninger © has resigned 
as assistant professor of metal- 
lurgy at Harvard University and 
is now in the lamp department ot 
General Electric Co., Cleveland. 


R. P. Hobson @, formerly in 
charge of the heat 
department, Haleomb Division of 
Crucible Steel Co. of America, is 


treating 


now superintendent of the bar 
finishing department, Universal- 
Cyclops Steel Co., Bridgeville, Pa 


R. P. Schweyer @ is now with 
American Car and Foundry Co 
in Berwick, Pa. 


Transferred: Robert M. Rey- 
nolds @, from Naval 
Aviation Base, Atlanta, Ga., as 
executive officer to maintenance 


Reserve 


progress, Bureau of Aeronautics, 
Washington, D. C. 


Peter Payson @, chief research 
metallurgist at the Eastern 
Research Laboratories of the Cru- 
cible Steel Co. of America, [ar- 


rison, N. J., has been appointed 


lecturer at the Evening Graduate 
School of Stevens Institule o! 
Technology. 

Appointed as develo} nf 
engineer, Malleable Founders’ 
Society, Cleveland: J. Art our 
Durr formerly supervis if 
research and metallurgica! n- 
trol at the plants of the E n 


Malleable Iron Co. 


{ 

METAL PART 

he TO BLAST CLEAN ALL aan 

attack on scale, 
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burnt sand and 


Scottsonizin 
et 

S Applied to 


S.A.E. and STAINLESS STEELS 


Parts made from all stainless steels can be processed, 
increasing the life of the wearing parts many times, without 
any change by SUPER SCOTTSONIZING. The parts remain- 
ing non-magnetic and non-corrosive. If the steel used requires 
a treatment, this should be done previous to our processing. 

S.A.E. steels fully heat treated ground to size can be 
SUPER SCOTTSONIZED, made so hard that no file can even 
scratch the surface; with slightly increased physical qualities. 

Please tell us the kind of steel the parts are made from 
and the treatment you have given, when shipping. 

This treatment is new; has no equal. SUPER SCOTT- 


SONIZING is the greatest development made in precision 
hardening of this decade. 


C. U. SCOTT & SON 


ROCK ISLAND, ILLINOIS 
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Personals 


Carl H. Samans @ has 
resigned as associate professor of 
metallurgy in the School of Min- 
eral Industries of Pennsylvania 
State College to become research 
metallurgist for the American 
Optical Co. in Southbridge, Mass. 


Lt. W. W. Culbertson © has 
been granted a leave of absence 
from Case School of Applied Sci- 
ence and is in active duty in the 
Ordnance Department, stationed 
in the research department of 
Frankford Arsenal as assistant to 
the officer in charge of research. 


Richard A. Wilde @ has left 
Linde Air Products Co. to become 
a research engineer at Battelle 
Memorial Institute. 


URALOY 
Sound 


CHROME-IRON 
CHROME-NICKEL 


castings of any size 


Large enough to require a big truck 


Rolls small enough to 
carry in one’s pocket 


The word “sound” suggests the skill and experience of our 


metallurgists and foundrymen. 


The words “castings of any size” suggests the completeness 
as well as flexibility of our modern foundry. 


Such foundry skill and such casting service should be of 
inestimable value to you if you need castings to combat high 
temperatures, corrosion or abrasion. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 


Eastern Office: 12 East 41st St., New York, N. Y¥. 


Detroit Scranton, Pa. 
The Duraloy Co. Coffin & Smith 
of Detroit 


St. Louis Los Angeles 
Metal Goods Corp. Great Western Steel 
Company 
9-DU-2 
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W. E. Bruse @ has 
as metallurgist for the ndix 
Aviation Corp., South By Ind 


and is now metallurgix ngi 
gi- 


neer, Bureau of Aeron: «ties 
Navy Department, Wash) stop 

George E. Pellissier, . 8 
formerly associated w the 
department of metallurg Car- 


negie Institute of Technology as 
the International Nickel Co. fe}. 
low in metallurgy, is now 
employed at Stevens Institute of 
Technology, Hoboken, N. J,, jn 
the department of powder metal- 
lurgy, on an industrial fellowship 


sponsored by the same company. 


Robert F. 


employed as 


Hull formerly 
an experimental 
engineer for Brown & Sharpe 
Mfg. Co., has accepted a position 
for 


as sales engineer Federal 


Products Corp. 


Alfred Boyles &, previously 
metallurgist at Battelle Memorial 
Institute, is now in the research 
department of U. S. Pipe & 
Foundry Co., Burlington, N. J. 


Warren H. Mayo @ has left 
Columbia University where he 
held the William 
research fellowship in metallurgy 


Campbell 


and is now employed as metal- 
lurgist at the Homestead Plant of 
Carnegie-Illinois Steel in the ord- 
nance materials department, 


William T. Sweeney ©. who 
was research associate for the 
American Dental 
the National Bureau of 
ards, Washington, D. 
accepted a position as director ol 
research for Vernon-Benshol! Co., 
Pittsburgh, working on plastics. 


Association at 
Stand- 
C., has 


Otto Thomas Pfefferkorn ©. 
previously employed as metal 
lurgist with Triplett & Barton, 


Inc., Burbank, Calif., is © a 
research metallurgist for ¢ ax 
Molybdenum Co. of Michigan al 
Detroit. 

Elected president of — 


Edward Valve and Mfg. Co 
William F. Crawford 6. e- 


president since 1937. 
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you awake nights. 


Here’s a service that may help 


you answer them...why not use it P 


Ap 


|” gqueed now a lot of good men are losing plenty of sleep over 
problems like these. Every man responsible for production 
has them. You just can’t lock them up in your desk when you 
leave the office at night. In the wee small hours they camp beside 
your rumpled pillow and cry for solution, 

We don’t pretend to have all the answers but we believe we 
can really help you in this situation. At least it won't do any 
harm to let us try. For the service we offer costs exactly nothing. 


: And it has worked out in plenty of cases that looked awfully 
% tough at first glance. 

3 What we offer you is the cooperation and advice of our metal- 
a lurgical contact staff. Men who know steels. A group of well- 
Pe trained, long experienced shop-wise experts who have specialized 


in smoothing out production bugs. These men will be glad to 
come into your plant, look over your blueprints, check up on 
your facilities, and work with you in making more efficient use 
of available materials, equipment and personnel. They've been 
doing similar work for a good many years. Right now with the 
battle of production reaching new peaks, they are getting results 
that would have seemed impossible a short time ago. For prompt 


action, phone or wire the nearest Carnegie-IIlinois office. 


CARNEGIE-ILLINOIS STEEL CORPORATION 
Pittsburgh and Chicago 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 
United States Steel Export Company, New York 


Dependable ALLOY STEELS 
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to other physical properties, is 
affected by such factors as sur- 
face finish, melting point, and 
humidity of the surrounding 
atmosphere, while other factors, 
such as hardness, which might 
be expected to exert a strong 


Wear Seruff* 


by end’ T. Herts 


we THE MECHANISM of wear _ influence, do not appear to do so. 
has never been fully estab- 


lished, owing to the large num- 


In the experiments now to be 


* Abstract of “An X-Ray Examina- 
tion of Mechanical Wear Products”, 
Journal of Scientific Instruments, 
May 1941, p. 94. 


ber of factors controlling the 
phenomenon. Thus, the wear 


resistance of a solid, in contrast 


AWING 


A 1S DUCK SOUP 
FOR THE 


On the DoAll, the Hawthorne Metal Products Co., Detroit, Mich., cut the 
five sections of a die from one block of boiler plate steel 5” thick, 16” long, 
14” wide—only 4 cuts of the saw necessary. Time—I13, hours for each cut, 
or at the rate of 4" per minute. Saw used—',” 6 R.H. Speed—I150 f.p.m. 


GREATEST TIME SAVER EVER— 


The DoAll is the machine tool that is effecting unprecedented sav- 
ings wherever installed, in machine shops, tool rooms, automobile 
and truck factories, railroad and aeroplane plants, arsenals and 
shipyards, etc. 


The DoAll is an all-purpose machine—does internal and external 
band filing, sawing and polishing on any kind of metal or alloy. 
Handles work at various angles. 


Let us send a factory-trained man to your plant to show you how 
a DoAll will handle your cutting jobs. 


FREE—Literature and 158-page Handbook on Contour Machining. 


CONTINENTAL MACHINES, INC. 


1307 S. Washington Ave. Minneapolis, Minn. 


Associated with the DoAll Company, Des Plaines, Ill., Manufacturers of 
Band Saws and Band Files for DoAll Contour Machines 
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discussed a wear testing ‘hine 


was used in which a r lying 
wheel of hardened and | ered 
high speed toolsteel orceg 
under constant load ag ast 


plane sample to be tested wear. 
ing in it a groove whose length 
(and volume) is a funclion of 
the wear resistance. The tests 
were run without any lubricant 
and the fine powder formed py 
the abrasion was collected and 
examined by X-ray diffraction. 

The photographs of the pow- 
ders as collected showed highly 
diffuse diffraction lines, indicat- 
ing a very small particle size 
(less than 10-5 cm.), or severe 
internal strains. There is no 
evidence so far to discriminate 
between these characteristies 
and probably both are present. 
In view of this, the powders were 
stress relieved by annealing in 
vacuo at moderate temperatures, 
when sharp lines were obtained. 

From data obtained on a4 
range of carbon steel samples, 
the essential conclusions may be 
stated as follows: (1) The wear 
powder consists of iron oxides 
and some of the parent metal 
(alpha ferrite). (2) The 
observed oxides are magnetite, 
Fe,0O, (spinel structure), and 
woostite, FeO (sodium chloride 
type of structure). (3) The rela- 
tive amounts of Fe, FeO and 
Fe,0, depend characteristically 
on the composition and constitu- 
tion of the steel and on other rel- 
evant factors such as pressure. 
(4) Hematite, Fe,O,, the oxide 
richest in oxygen, is never found 
(5) Cementite, Fe,C, occurs in 
some of the wear powders from 
the higher carbon steels and ils 
presence is accompanied by an 
increase in FeO content. 6 
The heating and cooling effect of 
wear can be considered as equiv- 
alent to a kind of localized heat 
treatment, both on the powder 
and on the material. 

As an example of the | 
phenomena observed, the ! 
obtained on a series of plai> cal 
bon steels may be consic cred 
The series ranged from s 

(Continued on page 
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Specifying Standard 
prrosion-Resisting Alloys 


any manufacturers of alloy castings have adopted 
following designations for standard Corrosion- 


sisting Alloys: 


A14, containing 11.00% to 14.00% Chromium, 1.00% maximum 
| 14% maximum Carbon. This is one of the straight Chromium 
ses used primarily for mild corrosive service. 


7 this is one of the 18.00% Chromium, 8.00% Nickel combinations, 
s maximum Carbon content of .07%, and is adapted to a great variety 
ses in chemical plants and for die house and paper mill machinery 


F.7-M, this is a modification of the above 18.00% Chromium, 8 00% 
Ke! analysis, also containing .07 maximum Carbon, but fortiied by 
. to 3.505% Molybdenum. Molybdenum is a strength inhibitor 
nst_intergranual corrosion. 


F.20, it is generally conceded that this is most universa/iy used of the 
0% Chromium, 8.00% Nickel Alloys. This combination is produced 
s maximum Carbon content of .20%. Its uses are very numerous and 
t engineers are familiar with this type material. 


H-20, this analysis is usually known in the trade as one containing 
oximately 25.00% Chromium, 11.00% Nickel, with a maximum 
on content of .20%. This Alloy is very extensively used for both 
osion-Resisting and Heat-Resisting services, and is a very popular 
with the paper and pulp industry. 


E30 this analysis is generally known as one containing 28.00% 
mum, 10.00% Nickel, with a .30% maximum Carbon. This Alloy 
very excellent Corrosion-Resisting properties and is used to a great 
nt in the paper, pulp and mining industries. It is also resistant to 
temperatures, and particularly serviceable where high temperatures 
combined with sulphurous temperatures. 


Newark New Jersey 


7 American Steel Castings Co. 
Avenue “L” and Edwards Street. Market 3-5464 


philadelphia, Pa. Rochester, New York 
odge Stee! Company The Symington-Gould Corporation 
Y. MAYfair 1650 Genesee 101 


Fields in Which 
STEEL CASTINGS 
Are Constantly Used 


Aeronautical 
Agricultural Machinery 
Automotive 

Bearing 

Boiler, Tank & Piping 
Bridge 

Chemical & Paint Works 
Compressors (Pneumatic) 
Conveyor & Material Handling 
Crushing Machinery & Cement Mill 
Dredge 

Electrical Machinery & Equipment 
Elevator 

Engine 

Food Processing & Packing Plant 
Foundry Machinery & Equipment 
Gas Producer & Coke Oven 

Gears 

Heat Treating Furnace & Equipment 
Hoist & Derrick 

lron & Steel Industries 

Metallurgical Machinery 

Mining Machinery & Equipment 

Oil or Gas Field & Refinery 
Ordnance 

Overhead Crane & Charging Machine 
Paper Mill 

Printing Press 

Pump 

Railroad 

Refractory, Brickyard & Ceramic 
Refrigeration Machinery 

Road & Building Construction 
Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine 

Street, Elevated, & Subway Cars 
Textile Machinery 
Valves, Fittings & Piping 


Toledo, Ohio 


Unitcast Corporation, Stee! Casting Division 


Front and Millard Avenue. 


1200 N. Peoria. 
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POntiac 1545 
Tulsa, Oklahoma 


Oklahoma Steel Castings Company. 


a 
le 
F 
| 
- 
: 
| 
= 
% 
if 
4 
5-9286 


steel, thence through a minimum and the 1° C steel, but toa 

Ww S ff of 9 for 0.8% C steel and rising large amount in steels ¢ tining 
ear seru to 19 for annealed 1.03 C steel. 0.4 to 0.7% carbon. A ‘actly 

The latter, quenched to martens- inverse condition § exis! with 

ite plus free cementite, had the the FeO present. Cemen (e was 

(Continued from page 342) maximum resistance; its depres- present in somewhat viable 
scopically pure iron to a_ steel sion measured 1, amounts for a given steel, and 
containing 1.080 CC. The vol- The amounts of the constitu- this amount increased with the 
ume of the impression (an ents present in the scruff did not observed FeO contents. It jg 
inverse measure of wear resist- follow these variations. Ferrite probable that the hard carbide 
ance) of the annealed samples was in large proportion in all. behaves as a_ grinding agent 
was 9 for the iron, rising to a The amount of Fe,O, was a mere resulting in an increase of tem. 
maximum of 21 for 0450 C trace in the scruff from pure iron perature into the region of sta. 


bility of FeO (1060° F.). The 
fact that FeO is present implies 


that this temperature has been 
exceeded. The facts that the 
oxygen supply must be limited 
by the intimate contact, and that 
the time allowed for reaction is 
so small, would both favor the 
formation of the oxygen-poorest 
oxide FeO and inhibit the forma- 
tion of the oxygen-richest oxide 
Fe.O,. This suggests that the 
wear products have been formed 
at a high temperature and are in 


effect: subsequently “quenched” 


which would be the effect on 


very small particles produced by 


aa It is indeed likely that local! 7 
170 S.F.P.M.-—As Fast as SAE temperatures are produced above 
Excellent Tool Life end Finish, ia ies the transformation range of the st 
medium carbon steels. It is pos- 
sible therefore that, in such a 


range, local hardening may tak 
place due to “quenching” trom 


The wear process is thus equiva 
ient to a quench from the aus- 
tenilic region and = a_ higher n 


carbon steel is more likely to 
‘ form martensite, which being » 

We ore a 3 hard would act as an abrasive 


and accelerate wear if any of the = 
particles were caught between 
the wheel and the work. Fo! 
hypereutectoid steels there may 
Licensee for Eastern States be carbide particles worn awa E 
THE FITZSIMONS COMPANY to give abrasive debi and 
increase the wear. In a mortens 


itic steel it is possible tha! due 
Licensor tion 
{ 


MO . CH s L co NY to greater hardness the 
NAR TEE MPA | 


may be less and the 


HAMMOND INDIANAPOLIS CHICAGO tk 
PECKOVER'S LTD., Toronto, Canadian Distributor : lower, with the result | i St. ( 
martensite is “tempere and _ 
MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS wear mav he less. ~) 
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«yg THE QUALITY NAMES IN ALLOY 


We always wanted to get Tommy 
Breene and Danny Duggan together. The 
consequences would have made headlines. 


: N orRMALLY disbelieving in signs we 
print one that is too potent a comment on 
National Defense to pass by, “Danger Men 
2 Working Slow”. 
B LACK and white prints from color 
photographs are unsatisfactory. Some day 
MP will run in 4 colors, meanwhile active 


imagination can fill in the colors on the 
airplane’s shadow, cast on a cloud in 
bright sunlight. The aurora of concen- 
tric rings has the colors of the rainbow. 
Fragile fleeting beauty lens-frozen 4 
miles above the sea. 


W E have 
DA NGE R haltingly Progress by tapping a good library. We think we are 


travelling “like a bat out of hell” until we lay our stop 


AEN WORKING redeem watch against the calendar and the calendar against his- 

SLO tory. And of course we will have reactionaries, example: 

p hilosop y Plaintiff: “I desire to change my name.” The Court: 
Pet = the tenets “What is your name?” “Herbert Hoover Stinks,” replied 

=e that Science the Plaintiff. “You have my sympathy,” remarked the 

. | is the Pro- court, “and what new name have you chosen?” Plaintiff: 


genitorof “Franklin D. Roosevelt Stinks.” 
Truth and, “That which is truly functional 

is truly beautiful.” Our lagging thought : ia 
is fanned to flame by four volumes, from May we remark that 
yt. “Danny” Duggan a bombed British Library, and just added 
: to ours, “Robinson’s Mechanical Philoso- 
phy,” published in Edinburgh in 1822. 
(Title page reproduced herewith.) This 
known “Wild” Irishmen and work includes a chapter by Isaac Watt on 
s that get wild on spirits, but, the History of the Steam Engine, and has 
iggan tops the list. Captain other chapters on machinery, the resist- 


there will be less “stink” 
around your heat treat if 
your solution pots are Q- 
Alloy and if your gas car- 
burizing muffles and retorts 
are engineered and manu- 
factured by General Alloys. 


gan died flying in an “acci- ance of fluids, rivers, water works, pumps, 
to a Ferry Service Transport plane dynamics, projectiles, corpuscular forces, THE defense program 

from England. Twenty other strength of materials, carpentry, construc- makes it increasingly difficult to justify supplying castings 
stly American, who had flown tion of arches and bridges, astronomy, the from low grade producers in industrial furnaces. A few 
Britain, shared his fate. Bos- telescope, and pneumatics. Electricity, pounds of “low first cost alloy” failing in service may well 
sare running a serial on “Dan- magnetism, temperament of the scale of | jam a production line and delay priceless defense effort. 
entitled, “Hellion, Heaven music, the trumpet, watch work and sea- Most of the leaders in defense efforts have brought, like 
manship. Genera! Alloys, the tradition of good name and outstanding 


achievement to new highs. The preference for General Al- 
THe knowledge of mechanical philoso- loys’ engineering and heat resisting castings among this 
phy which these dissertations display pos- group is even more pronounced than in the general market, 
sesses the rare quality of being at once where General Alloys has long been recognized as _ the 
practical and profound and they are often “ablest, the oldest and the largest manufacturer of heat and 
enriched with original views and ingenious corrosion resistant castings.” 
inventions. 


\Y was Chief Pilot for Shobe Air- 
n he flew tri-motors for May- 
nes on the foggiest commercial 
on, Nantucket and New Bed- 
made top marks in every job, 
xtra-curricular activities made 


met look stagnant. ) Avr » National Metal 
Danny Or electricity, 120 years ago, Robinson r the te 
n rule breaking. He flagrant- “It is by of Exhibition at Philadelphia, 
rrites, s by a mathematical view o 
all regulations, and greeted dle : , October 20-24, 1941, Gen- 


the subject in the phenomena of attraction 
and repulsion that the celebrated philoso- 
pher Franklin was led to the only knowl- 
edge of electricity that deserves the name 


eral Alloys will be, for the 


pals with two yards of unpunc- 
22nd consecutive year, the 


He made vertical banks 
mast heads of incoming fishing 
and his pocket were 


largest exh ibitor in our line, 


and this writer will pass a 


of science, for we had scarcely any lead- 
; 42nd birthday with thanks 
ing facts by which we could class the 
that this organization has 
; phenomena until he published the theory awe 


the youth and vitality to wyatt 
build a future of service to 
National Defense and Amer- 
ican industry. We have the 
advantage of unequalled 


personnel facilities, tech- 


Englis an’t win without the of positive and negative or plus and minus 
who began training electricity.” (We suggest a positive stand 

hen the war started. in demanding Q-Alloy and X-ite castings 

pried soy f the first bombers to insure negative “grief”.) 

was doing it weekly. 

‘EER, a “trade” that AQ S we are swiftly tossed by the surface 

“ears” per male baby, currents and eddies of modern life, as we 

rentices. Danny car- currently leap the hectic hurdles of de- 

er’s medal and a rab- layed defense with simulated heroics, it is 

y chain. “Some day well, for needed relief, to drop an anchor 

ed help,” said he. of sanity in the deeper currents of human 


FERAL ALLOYS COMPANY - BOSTON, MASS. 


nology and €x pe rience in 
this young dynamic alloy 
field, and we accept the 
stern responsibilities of 
leadership. 
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Contributors 


Se On June 28, 1940, the German 
Army entered Angouleme, near 
Bordeaux, and later the same day a 
letter was posted from that place 
to Merat ProGress from Professor 
Albert M. Portevin, for 12 years a 
steady correspondent concerning mat- 
ters metallurgical in France. Since 
that date complete silence. 

Thirteen months later another let- 
ter arrived, dated June 16, 1941. The 
envelope contained several short con- 
tributions. The envoy also contained 
this personal news: 

“Having been able to come for a few 
days into the unoccupied zone, I am 
profiting by the occasion to write to you, 
for since the invasion I have been living 
with my family in the occupied zone. 
Happily we are really all in good health, 
in spite of the painful events we have 
passed through and the difficulties of all 
sorts which we encounter at this time. 
Best wishes to you and to all my friends 
in America.” 

One wonders about the fate of La 
Revue de Meétallurgie, of which M. 
PoORTEVIN was editor. No copies have 
been received since April 1940. 


James Presley Gill has grown up 


with the science of toolsteel metal- 
lurgy, having been chief metallurgist 
for Vanadium-Alloys Steel Co. since 
the tender age of 24 (some 20 or more 
years ago). His education 
obtained at Missouri School of Mines 


was 


and Columbia. His numerous services 
to the @ were topped by his election 
to the presidency in 19389. He was 
chairman of the Pittsburgh Chapter 
in 1926-27, and presented the Camp- 
bell Memorial Lecture in 19386, chair- 
man of the Metals Handbook 
Committee in 1939, and is the author 
of “Tool Steels” published by the ©. 


Dartmouth College, University of 
Pittsburgh and the graduate school of 
Carnegie Institute of Technology were 
attended consecutively by Robert S. 
Rose, co-author with Mr. Gitt of the 
article on page 283 on High Speed 


Steel, before he entered the metal- 


lurgical laboratories of the Vanadium- 
Alloys Steel Co. He was transferred 
in 1932 to Springfield, Mass., where 
his title is sales metallurgist for the 
New England district. He was chair- 
man of the Springfield Chapter @ in 
1934-35. 


Orlo E. Brown, who describes the 
equipment for electrolytic polishing 
on page 298, is assistant professor of 
chemical engineering in charge of 
metallurgy at West Virginia Univer- 
sity. 1928 
from the University of Wisconsin he 
was on the technical staff of Simmons 
Co., later going to A, O. Smith Corp. 


After returning to his alma mater for 


Following graduation in 


chemical engineering and metallurgi- 
cal engineering degrees, he worked 
for a division of the 
Treasury Department. He left this to 
go with Globe-Union, Ine., which pre- 
ceded his entry into academic work. 


supervisory 


C. N. Jimison, co-author with Pro- 
fessor Brown, graduated in chemical 
engineering with a metallurgy option 
West Virginia University in 
At present he is completing the 


from 
1940. 
requirements for a Master’s degree, 
graduate research work in 
metallurgy. He is also an instructor 
in metallurgy under the U. S. Engi- 


neering Defense Training program. 


doing 


The reports starting on page 307 
were prepared at the request of the 
Office of Production Management in 
the record time of two months. Credit 
for this work goes to the personnel of 
the three committees. Norman L. Stotz, 
who is metallurgical engineer for Uni- 
versal-Cyclops Steels Corp., acted as 
chairman of the committee on heat 
treatment of molybdenum high speed 
steels; A. F. Holden, president of the 
A. F. Holden Co., manufacturers of 
heat treating salts, is chairman of the 
committee on the salt bath method for 
hardening; and C, I. Hayes, president, 
C. I. Hayes, Inc., well-known furnace 
manufacturers, heads the committee 
on controlled atmosphere furnaces. 
J. Edward Donnellan, editor of the & 
Metals Handbook, secretary of the 
Metals Handbook Committee, and of 
all the technical subcommittees that 
collaborate in its preparation, was an 
apt choice for secretary of all three. 
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It’s not too late?! 


RESERVE SPACE NOW 


IN THE 


HE greatest metal event in years—the 

forthcoming National Metal Congress 
and Exposition—will be featured in the Oc- 
tober issue of Metal Progress. This is the 
monthly magazine of the American Society 
for Metals, sponsor of the Exposition. 


This Metal Exposition Pre-View will be in 
the hands of more than 13,000 A.S.M. metal 
men before they leave for the Show, and 
will be circulated at the Show itself as an 
accepted feature of this event. 


But this Pre-View is only one of the fea- 
tures of Metal Progress in October. Com- 
plete editorial and advertising sections, each 


Meet the Metallurgical Market in its Own Magazine 


METAL INDUSTRY’S GREAT MAGAZINE VALUE 


with its individual front cover, will feature 
these eight topics— 
Non-Ferrous Metals 
Heat Treating and Finishing 
Testing and Control Instruments 
Steels end Irons 
Forging and Metal Working 
Furnaces ont Refractories 
Heat and Conesten Resistant Metals 
Welding ond Cutting 
Place your advertising in any of these 
sections alongside authoritative news of 
technical developments and scores of engi- 


neering data sheets, and be an important 
part of this great magazine value. 


Time is short, so write or wire collect today 
for positions. No increase in advertising 
rates. 


PUBLISHED BY AMERICAN SOCIETY FOR METALS, 7301 EUCLID AVENUE, CLEVELAND, OHIO 
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Weldability of Non-Ferrous Metals 
By E G. West 


Abstracted from The Metal Industry, Dec. 29, 1939, p. 553. 


THe capacity for satisfac- metal to be welded. In gas weld- 
tory weldability depends ing the oxy-acetylene flame is 
upon the welding process and generally used for metals and 
the purpose of the weld, as well alloys of high melting point. The 
as the relevant properties of the temperature attained, over 6000° 


HOW 


we help you 
to be sure your Stainless Steel FITS 


VW E have two clear obligations these days. ? 


One is to produce every last pound of ALLEGHENY LUDLUM STEEL CORP. 


steel possible. That we're doing—with further Oliver Building, Pittsburgh, Pa. 
We'll welcome the printed informa- 
tion or personal assistance checked 
below. 


expansion well on the way. 
The other is to help you make the best 


possible use of the stainless steel available: to a 
aid you in avoiding waste, ironing out fabri complete discussion of types, 
treatment, and uses 

cating kinks, and selecting the type (or sub 
stitute grade) best suited to your requirements. Be) hyp eA 


uable Stainless Selector Chart. 


zz Certified Technical Data on 
LJ individual Stainless Steel 


Grades (Blue Sheets 


This company has conducted broad re 
search for many years. The result is a wealth 
of accumulated technical knowledge and 


experience which we're happy to throw wide 


open to you, both in the form of printed LJ Fabricating Problems (state 
your service conditions 


material and personal consultation. 
Research Laboratory and 
@ You'll find 6 avenues of cooperation lisied LJ Field Technical Staff Con- 
sulting Service 
at the right. Please check those helpful to you, zs 
[— Cooperation in complying 
LJ with U. S. Government Con- 
servation Regulations. 


and mail the coupon to us. 


ALLEGHENY LUDLUM 


STEEL CORPORATION PITTSBURGH, PA. 


Branch Offices in Principal Citic (i 


STOCKS OF STAINLESS CARRIED BY ALL RYERSON WAREHOUSES >-142 
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F., gives a narrower he 


Zone 


than welds made with ; r gas 
flames, and enables high work. 
ing speeds. Other g fuels 
possess many desirable charac. 
teristics for non-ferrous metg|s 
other than copper or nickel, py! 
butane and propane are not vet 
used in any appreciabk juanti- 
ties in Great Britain. 

The non-ferrous metals 
usually extremely sensitive 
small changes in the atmosphere 
at elevated temperatures, either 
when solid or liquid, but it is sel. 
dom that one sees a welder using 
accurately controlled —blowpipe 
equipment and flame adjustment! 
in a continuous operation. Th: 
merits of the “right-hand” and 
“left-hand” method for some of 
the alloys should be investigated. 

In are welding, direct current 
is now preferred for non-ferrous 
metals, but the possibilities of 
using alternating current of 
higher than normal frequencies 
require exploration. The most 
important future developments 
lie in electrode coatings. The 
sleeve electrode (as developed 
for copper by Lessel) appears to 
be most promising. 

The atomic hydrogen method 
works at an extremely high rate, 
and produces a_narrowe! 
annealed zone, but the equip- 
ment’s shape and size militates 
against its wider adoption 
However, slag-free joints are 
obtainable and it is worthy ol 
consideration for thin sheets. 

The properties of most non- 
ferrous metals increase the difli- 
culties of resistance welding anc 
render comparisons with mild 
steel of little value. The intlu- 


etween 


ence of the resistance |! 
surfaces in contact is bul poorly 
appreciated, although if ts ©! 
particular importance in alum 
num alloys. The high rrents 
frequently required, ipled 
with the extreme accurecy © 
control, have stimulated | pro- 
duction of precision 
and timing gear. Co} cad 
mium alloys have pro 
satisfactory electrode | 

(Continued on page 
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Weldability 


(Continued from page 358) 
but conditions now being 
encountered demand copper con- 
taining such additions as tung- 
sten or chromium. Designers, 
welding engineers and operators 
must be specially trained. 

It is convenient to consider 


the suitability of a weld under 
three headings: 

Mechanical Effects — The 
total amount of shrinkage is a 
function of the metals concerned, 
while its effects depend on a 
number of factors peculiar to a 
particular application. In gen- 
eral, the non-ferrous metals 
expand much more than the 
steels, and failure to appreciate 
this is a prolific source of disap- 
pointment. 


Pouring their Strength into National Defense 


Essential parts for gun mounts and aircraft — castings for a host of 
defense armaments and the machine tools that produce them — are 
pouring in a steady stream from the AMPCO foundries. 


Throughout industry, when metal must withstand excessive wear, 
the shock of impact, or highly stressed conditions, engineers and tool 
designers turn to AMPCO METAL and other AMPCO alloys. 


Government contractors in ever-increasing numbers are relying on 
AMPCO for metals of the aluminum bronze class, and other copper 
base alloys that meet Federal, Army, Air Corps and Association speci- 
fications. Write for details of our facilities to supply better bronze alloys. 


AMPCO METAL, INC., Dept. MP-9. Milwaukee, Wisconsin 


MACHINE TOOLS... leading 
manufacturers standardize on 
AMPCO METAL because of its 
stubborn resistance to wear, 
“squashing on shock loads. 


AIRCRAFT PARTS ... a rep- 
resentative group of AMPCO- 
MADE aircraft parts, all pre- 
cision machined by AMPCO. 
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The metallurgical co; ns 
which are likely to influe the 
useful life of a weld are dif- 
ferences in compositio: anq 
structure between the we ind 
the parent metal, (6) alter tion 
in structure of the parent ‘yetg) 
due to the welding operstion, 
The production of molten meta} 
is the basis of fusion welding and 
the desired result is a “sound 


casting”, so that the processes 
and precautions resemble, essen- 
tially, those of the foundry. The 
molten metal is purified by ele- 
ments added to the filler rod and 
by the flux. 

When the structure of the 
weld metal is too coarse it js 
sometimes possible to incorpo- 
rate elements in the basic metal, 
filler rod or flux which will 
reduce the difference in grain 
size between weld and metal. 

The speed of welding, the 
amount of flux used, and the 
idiosyncrasies of a particular 
operator may alter the degree to 
which the reactions proceed, 
while the 
quantities of impurities (includ- 
ing gases) may introduce differ- 
ences in the welding behavior of 
materials, apparently 
and complying with the same 


presence of small 


similar 


specification. 

The distribution of the con- 
stituents of the base metal in the 
heat affected zone may be com- 
pletely altered, thus altering the 
mechanical and other properties, 
such as corrosion resistance. 

Available Tests — There is no 
single test which gives adequate 
information as to either the gen- 
eral weldability of a material or 
the efficiency of a joint for serv- 
ice. The sectioning of a weld, 
followed by a microscopic e\am- 


ination, provides more informa 

tion than any other one tes! 
Thus, certain propertics 0! 
the metal or alloy are of chief 
importance in the choice the 
be 


process and technique 
used; others influence the me hod 
of setting up, the necessi!) 
preheating, and the coolins 
cedure. 2 
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on Arcos electrodes in all applications where stain- 


ATLANTA, G 
BUFFALO, N. 


BORGER. TEXAS . . . 
BOSTON, MASS. (Belmont) 


CHICAGO, ILL. Machinery & elder Corp. 
CINCINNATI, OHIO Williams & Co., Inc. ng airy, OKLA. 
CLEVELAND, OHIO Williams & Co., Inc. PITTSBURGH, PA : 
COLUMBUS, OHIO ; Williams & Co., Inc. PORTLAND, OREGON 
DETROIT, MICHIGAN C. E. Phillips & Co., Inc. ROCHESTER, WN. Y. 

ERIE, PENNA. . . « « « Boyd Welding Co. SAN FRANCISCO, CALF. 
FT. WAYNE, IND... . Welding Supply Co., Inc. SEATTLE, WASH. 
HONOLULU, HAWAII Hawaiian Gas Products, Ltd. ST. LOUIS, MO. 

HOUSTON, TEXAS Champion Rivet Co. of Texas SYRACUSE, N.Y. . 
KANSAS CITY, MO. . WV elders Supply & Repair Co. TOLEDO, OHIO 


less electrodes 


“QUALITY WELD METAL EASILY DEPOSITED” 


Distributors Warehouse Stocks in the Following Cities : 


. Hart Industrial Supply Co. 
. H. Boker & Co., Inc.; 


VIEW 


ear in and year oul you can depend 


are used. Be sure, stick to Arcos. 


KINGSPORT, TENN. 
LOS ANGELES, CALIF. 
MILWAUKEE, WIS. 
MOLINE, ILL. 

NEW YORK, N.Y. 


Root, Neal & Co. 


W.E. Fluke 
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CORPORATION 
401 W. Broad St., Phila., Pa. 


Stip-Not Betting Corp. 


Bue ~ommun Metats & Supply Co. 


Machinery & Welder Corp. 
Machinery & Weider Corp. 
H. Boker & Co., Inc. 
Hart Industrial Supply Co. 
Hart Industrial Supply Co. 
Williams & Co., Ine. 
. Industrial Specialties Co. 
Welding Supply Co. 


Bucommaun Metals & Supply Co. 


° H. A. Cheever Co. 

™ achinery & Welder Corp. 
eiding Supply Co. 
Williams & Co., Inc. 
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British Steel 


(Continued from page 288) 
supplies. This has entailed great 
adaptations at works and led to 
difficulties which have called for 
the greatest ingenuity. 

At the same time, from the 
outbreak of war up to the pres- 
ent time considerable quantities 


of finished and semi-finished 
steel have been imported, the 
opportunity being taken when 
the shipping position was still 
comparatively favorable to build 
up large reserves in Great Brit- 
ain. Mild steel imports have 
now been substantially reduced. 
The imports of high-grade raw 
material supplies necessary in 
the production of special steels 
are being maintained at the 
highest possible level. 


BEST 
JOB 


MUST HAVE 
GOOD 


“THAT’S WHY i CALLED THE CITIES SERVICE 
LUBRICATION MAN IN e SAYS A. E. DAVEY, PRESIDENT 


OF ALLOY STEEL GEAR AND PINION COMPANY OF CHICAGO. 


“I’m doing a job here that | 
must be perfect when it 

leaves the shop. The peo- 

ple who get the gears are 

plenty critical.’” Mr. Davey 

says further, “I don’t know 

everything about oil. That 

is why I called in the Cities 

Service Lubrication man. 

I expect him to work with 

my men to see that they get the 
oil best suited for the job.” 


Much work in this shop must 
meet rigid government inspection. 


Just clip 
and mail 


All Gleason, Fellows Gear 
Shapers, Lee Bradner and 
Brown & Sharpe machines, 
are operated with Cities 
Service Lubricants. You, 
too, will find these high- 
quality fluids capable of 
i doing the kind of work 
your customers want. 


A. E. Davey 


Call us in for consultation — there 
is no charge for the service. Write 
us on your letterhead or mail the 
coupon for a copy of our booklet, 
““Metal Cutting Lubrication.”’ 


CITIES SERVICE OIL COMPANY 
Sixty Wall Tower, Room 1327, New York 


Please send me a copy of your booklet, 
**Metal Cutting Lubrication.” 


Name 

City State 


Metal Progress; Page 370 


(3) Q.—Are there dif- 


ficulties experienced rdins 
transport? 
A.—So far as im pe from 


abroad are concerned uring 
the winter months ther» were 
difficulties consequent upon con. 
gestion at the ports due {o the 
very large quantities of mate. 
rial arriving, the restrictions jp 
order to comply with black-out 
requirements and bombing raids 
This had its reaction on home. 
produced supplies, through 
shortage of transport vehicles, 
both rail and road. 

(4) Q.— What is the effect 
on production of alerts and 
black-out conditions? 

A.— This, naturally, varies 
in different districts; but, thanks 
to the Observer Corps warning 
system, there has, broadly speak- 
ing, been little loss. It should be 
borne in mind that the stee! 
industry differs from practically 
any other in respect of the 
immense glare and amount of 
light thrown off during opera- 
tions. Consequently, the necessity 
of achieving a good blackout has 
entailed some loss of ventilation 
The men have stood up remark- 
ably well to the trying conditions 
under which they work. 

(6) While doing everything 
possible to maintain produc- 
tion, various methods have been 
studied by the Iron and Stee! 
Control to effect economy in the 
use of steel. This research has 
led to the use of material lighter 
than that normally specified and 
considerable economies have 
been achieved, amounting, 10 
some cases, to many thousands 
of tons per annum. Two typical 
examples are the reduction ! 
the weight of tubes for gas 
water and steam purposes ané 
insistence on the use of light 
weight tubes wherever pressures 
are suitable, and an corde! 
restricting the use of tin-plal 
containers, which speci the 
gage of material to be use’ Th 
first will save 20,000 tons stee! 
and the second 35,000 ton: of {1 
plate per annum. 
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AL YY 
coh TRUCTIONAL 


STE LS 


by H. |. rench, In Charge of Alloy 
Steel 4 Iron Development, 
International Nickel Co. 


Mik. FRENCH’S lectures 
on “Alloy Constructional 
Steels” were so well re- 
ceived at the 1941 Western 
Metal Congress that they 
are being made into a book 
which is on the press now. 


This 275-page book covers 
alloys in commercial steels 
—why alloy steels are used 
—selection of alloy steels— 
typical commercial uses— 
commercial steels and man- 
ufacturing variables—high 
alloy steels—wear—how 
alloying elements may af- 
fect corrosion of steels — 
processing and special 
treatments. 


In a time when much of our 
steel is being used for con- 
struction, the valuable in- 
formation contained in this 
book is particularly impor- 
tant and timely. Reserve 
your copy today. 


275 pages ... 95 illustrations 
9”... Cloth binding 


$4.00 


Published by 


American Society for Metals 
‘301 Euclid Avenue 
Cleveland, Ohio 


‘WE STANDARDIZE ON ELASTUF STEELS FOR OUR 
DEFENSE WORK... SAVING BOTH TIME AND MONEY’ 
Speed . . . dependability are two important factors in defense work 


these days. Many a buyer has selected ELASTUF Machinery Steels for 
this reason—and then found they also saved him money. 


The real cost of any Machinery Steel is the cost of the finished, machined, 
heat-treated part. ELASTUF Steels, even the high tensile alloys, can b2 


7 OTHER REASONS THAT 
RECOMMEND ELASTUF 
STEELS TO YOU. 


1. Proven performance. 

2. Known physicals. 

3. Selection without guesswork. 

4. Machinable in ready-for-use condi- 


tion, eliminating extra heat treat- 
ment. 

§. A single related group covering all 
machinery steel uses. 

6. Consistent uniformity through con- 
trolled production. 

7. Available (subject to regulations 
governing priority) at nearby 
points. 
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machined to close tolerances and put 
right to work. They require no further 
heat treatment. They save both time 
and costs—yet they cost originally 
no more than ordinary machinery 
steels. 

Consult your Machinery Steel Se- 


lector for the right ELASTUF Steel 
for your defense contract. 


T BEALS-McCARTHY & ROGERS + BUFFALO-ROCHESTER 
3 =, >  BROWN-WALES CO. + BOSTON, MASS.LEWISTON, ME. 
HORACE T. POTTS CO. * PHILADELPHIA-BALTIMORE 
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Type-10 Heroult Furnace with 
gantry-type removable roof for 
overhead bucket charging 


including alloy, tool and forging steels, iron and steel cast- 

WITH CLEAN SURFACES 
AMERICAN BRIDGE COMPAN) 


] TAM Foundry Zirconite Sands in two grades, “A” and ag Offices: Pittsburgh, Pa 
y "B" (differing chiefly in melting points) are fine grain core Miices in the larger cities 
/ > Columbia Steel Company, San Francisco, Pacific Coast Distributor 


/ and mold sands ready for use by the foundry. They possess then 


ia high resistance to “burn in" and yield castings which clean 
in the chip- 
UNITED STATES STEEL 


TAM Foundry Zirconite Flours in two grades, “A” and 


(} /) “B" (differing chiefly in melting points) are core and mold 
AA] wash materials to be prepared by the foundry. They super- 
/ V/ sede ordinary flours, such as Silica, and ordinary foundry 


7) sands thet have a tendency to “burn in”, with resultant rough- 
4 J ness and high cleaning costs. Mold or core washes made up 

of TAM Foundry Zirconite Flours plus a bond and suspension 
medium can be either sprayed, swabbed or brushed on. 


TAM Zirconite Core and Mold Washes in two grades, 
Lf, “A” and "B" (differing chiefly in melting points) are super- 
| } fract terials designed for mold and core washes 
refractory, materials desig 
/ Lt // where high resistance to “burn in" is desired. Ease of 
Vo, mixing (just add the material to water) and simplicity of 
( application by either spraying, swabbing or painting, makes 
the use of TAM Zirconite Mold Washes an exceptionally 
efficient foundry practice. 


lc 
te 


In many annealing and heat treating processes, dry 


controlled atmospheres are advantageous. W he® 
© Full specifications ond recommended uses of TAM Zirconite Materials thorough, dependable, and economical dryness in con- 


trolled atmospheres is desired, investigate LECTRO- 
on request. Or, desired, DRYER. The LECTRODRYER — Activated Alumina 


System—provides bone dry atmospheres continuously. 
Write for Details. 


LECTRODR 
_ CORPORATION - 


32nd STREET AND ALLEGHENY RIVER: 


ALLOY MANUFACTURING COMPANY 
NIAGARA FALLS, 
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on a production basis 


B3684 ** AMERICAN” 


Electric Furnace 


Hearth 36” wide by 84" deep 


Modern “AMERICAN” Electric Furnaces of 
this size are used exclusively by three of 
the largest ordnance manufacturers for 
normalizing and hardening .30 and .50 
calibre machine gun barrels. Selection of 
“AMERICAN” Electrics was made entirely 
on efficiency, rugged dependability, and 
long-time records of unusually low main- 
tenance costs. 


The rigid government specifications are 
readily met when “AMERICAN” Electric 
Furnaces are used. Uniformity is increased, 
rejections decreased and production inter- 
ruptions eliminated. 


Profit from the experience gained in dec- 
ades of ordnance and small arms manu- 
facture by installing furnace equipment 
that has a record of success. 


Write for bulletins today! 


30 VON HILLERN ST. 


September, 


ace 


BOSTON, MASS., U. S. 


Industrial for All 
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Fabrication 


(Continued from page 292) 
alloy steels don’t vary widely in 
machinability rating; they all 
have excellent toughness (a con- 
dition opposed to machinability) 


Cold drawing will help the 
soft, low carbon materials, for 
it will bring up the hardness. 

At high hardness, here are 
some figures that I offer based 
simply on my own experience. 
S.A.E. 1050 at 280 Brinell will 
machine about as fast and with 
as good tool life as 3150 at 
about 341 Brinell; 4150 at about 


nesses is “machinable” the 
sense that screw stock is =~. 
ever, they can be machine. com. 


mercially. Those figures yo 
degree of finality; X-4340 is jy 
some plants being machined at 
Brinells around 500. Too! life. 
of course, is unsatisfactory, the 
rate of metal removal is low, byt 
the economics of heat {; ating 


and in the annealed condition 375 Brinell; X-4340 at, say, first and then machining may 
their hardness is usually not far 418 Brinell. Of course, none of work out much more satisfac- 
from 180 Brinell. those materials at those hard- torily that way. 


Machinability Ratings (G.T.W.) 


CoL_p Drawn 


S.A.E. VALUE 
Molybdenum NO Problem init 
X-1112 135 
X-1315 85 
X-1335 70 
X-1020 75 
1020 65 
SENTRY Packaged fitmosphata 
3115 50 
4615 60 
Molybdenum steel hardening requires an absolutely neutral atmosphere. 2515 30 
For ten years Sentry Furnaces and the Sentry Diamond Block Method Awreceas am 
have turned out high quality Molybdenum hardening without scale, decar- S.A.E. on 
burization or soft surface. It is no problem to Sentry. 3140 _ 
Let us tell you how it will be no problem to you—how, without fuss or 4130 65 
adjustment you can obtain quality hardening of Molybdenum and all other 4150 45 
high speed steels consistently and with economy. 5140 45 
4640 55 
6140 40 
1330 50 
1340 40) 
2350 35 
52100 30 


The majority of machin- 


ability problems are non-metal- 


lurgical—— caused by some shop 
factor. Fist is the rigidity of 


the equipment; recently | heard 
of a job that 
machined”; finally the shop was 
persuaded to put a_ steady-res! 
on the job to get rid of chatter 
and then there was no more 
trouble. Control of both speed 
and feed is vital if best machin- 
ing is to be gotten. The lubrican! 
will have an important effect. 
whether it really has lubricating 
qualities or whether it has coo! 


“could not be 


Sentry High Speed 
Steel Furnaces are 
available in floor, 
bench or pit types. 
Illustrated is a Size 
No.3, Model “Y” Elec- 
tric Furnace. Write 
for complete informa- 
tion. Bulletin 1022-A. 


Sentry Diamond 
Blocks automatically 
maintain a neutral 
atmosphere. Avail- 
able in sizes to meet 


requirements. ing qualities, or both, and the 
amount in which it is su) plied 
The old custom of letting © little 


soluble oil emulsion tric ver 


the point of the tool w bad 
Likewise, those fellows have 


FOXBORO, MASS.,U.S.A. 


(Continued on page -« 
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The Care and Feeding of... an IDEA 


Powder metallurgy, in certain well-established applica- 
tions, is far from a fledgling. But current explorations 
of the possibilities of powders and the uses of sintered 
powdered metal parts, are producing new ideas that 
deserve nourishment. 

Potentially, powder metallurgy offers important 
economies and saving of time in the production of a 


vast number of parts used in industry, Its specific appli- 


cation to making a given machine part (or material for 
fabrication into a part) may today be just an idea. To 
foster the idea into practical realization is the respon 
sibility of metallurgist, machine designer and manu- 
facturer of metal powders. It is essential to design with 
the limitations as well as the possibilities of metal 
powder manufacture in mind. Powders must be manu- 
factured to definite specifications based upon desired 
properties for the particular application. 

We have been producing metal powders of all types 
for a quarter of a century. We have learned a good 
deal about what can be done with this special produc- 
tion technique. The experience of a considerable staff 
of metallurgists, chemists and engineers is at the dis- 
posal of manufacturers. We welcome requests for 


information. 


METALS DISINTEGRATING COMPANY 


ELIZABETH Tit NEW JERSEY 


PIONEERS IN METAL POWDERS 


FOR 


A QUARTER CEN TU 
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Fabrication 


(Starts on page 289) 
that a 
enough may still get in trouble 
by having a large supply, but 
having it come down so the tool 
lubricant 


learned trickle is not 


keeps the stream of 
from getting in where it has to 


work. Finally, the form of the 


tool is most important — a good 
machinist can do wonders by 
touching up the shape of the tool 
to meet the requirements. 

From the strictly metallurgi- 
cal standpoint, the material in 
must be homogeneous, 


developing strength uniformly, 


process 


and it must be kept so. If a 
shop-man today has a piece of 
1045 that machines with a given 
set-up at a satisfactory rate, and 
tomorrow he gets in a new batch 


ip RATHER BE RIGHT THAN BE LEFr 


porectosuas 
1950 


ALTER EGO: Literally, ‘‘one’s other self” 


the still, small voice that questions, inspires, and 


corrects our conscious action. 


Sure there's going to be some 
scrambiing when we get back on 
a 40-hour week. It will be time 
enough then to consider whether 
we'd be right in changing to arc 
welding. 


ALTER EGO: There won't be time enough 
then to even consider what hit us. 


You mean it will take usa long 
time to get into welding produc- 
tion? 


ALTER EGO: I mean it has taken us far too 
long already to get into welding predic- 
tion. Prediction as to what will happen 
to designs and production methods now 
that all our friends are going great guns 
with welding for land, sea and air equip- 
ment. 


Copyright 1941, The Lincoln Electric Co 


There's no doubt about it, they’re 
getting well up in the welding art. 


ALTER EGO: Yes, they’re learning the 
knack in the nick of time. And if we don’t 
have the foresight to get into this right 
away — we'll be /eft, holding the bag... 
on which the closure is foreciosure. 


LINCOLN SUGGESTS: The quickest, 
surest way to get things accomplished 
with welding is: Appoint a man of ex- 
perience and authority to supervise 
changeover of one part at a time. If this 
is done, the problem of how to get going 
will solve itself. We guarantee this plan 
to be profitable. For details, see Page 1, 
“How to Change Over to Welded Design 
for Profits’. 


WELDING 


Lergest Measfec 


of: Abe. Welding 1 
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of material and he can | 


nge 
make out, the trouble ot 
due to the non-homoge, of 
the steel or variation in heat 
treatment in process. 
Grinding — As far as gring. 
ing is concerned, there js again 
not much we can do about jt. 
we must select our material fo; 
other things and put our conf. 


dence in the grinder. The grinder 
can do a great deal toward elimi. 
nating some troubles following 
his work if he is careful. If he 
will keep the grinding whee! 
clean and free of glazing, he wil! 
go a long way toward eliminat- 
ing cracks, and this applies par- 
ticularly to 
Grinding means local overheat. 


carburized work 
ing, and the use of a coolant js 
seeing that the 
coolant gets where it belongs is 


very desirable; 


more important. Also the choice 
of the wheel to be used is a very 
important factor; for the sake o! 
wheel 
hard a wheel as possible — but 
that is the fastest way to crack 


life, we want to use as 


material there is. 

Keep grinding wheels in good 
condition; use soft wheels and 
feeds that are relatively small. 

I recall one plant where ear- 
burized 
replacing intermediate carbo 
steel. In every department wher 


parts were gradually 


casehardened work was put for 
the first time, complaint aros 
that 
because the parts were cracking 
on grinding. That was a jol 
where laziness had an applica 
tion. By sitting back and telling 
them I was doing everything pos 
sible, they got out of the troubl 
There was n0 


something was wrong 


by themselves. 
metallurgical solution to the 
troubles, because the case Wa 
free of network carbides «nd th 
parts were properly tempered 
A final remark may be to th 
effect that there are a grea’ man) 


“metallurgical” problems ths 


are not problems but Jus! 
shop notions. By the san ker 
some troubles are seri thal 
we don’t recognize as sch 
their early stages. = 
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HOLCROFT FURNACES 


Pusher Type Furnace 


Rotary Type Furnace 


GAS, OIL OR ELECTRIC HEAT 


“Leadership for Years” 


Thirty years ago, the name of Holcroft 
was becoming familiar to heat-treaters 
who needed dependable, well-engi- 
neered furnaces. 


In the ensuing years — Holcroft has 
pioneered many outstanding develop- 
ments in the furnace field, building a 
long list of satisfied customers. 


Now, today —in the national emer- 
gency — Holcroft engineers are devel- 
oping newer, faster and more satisfac- 
tory ways to heat-treat all types of arm- 
ament. If you have a heat-treating prob- 
lem, get in touch with your necrest Hol- 
croft engineer. At no obligation he will 
be glad to make suggestions which 
might solve your problem. 


COMPANY 


Leaders in Building and Designing Electric and Combus' 

Furnaces, Kilns and Ovens. Home Office: 6545 Epworth Bl) 

Detroit—Branches: Chicago, Philadelphia. Canada: Walker M« 
Products, Ltd... Walkerville. Ont. 
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Ryerson Certified 


Steels 


Help Build 


When stepped-up production schedules for 
these speedy fighter-planes demand quick ship- 
ment of uniform, high quality steel, Bell Aircraft 
Corp. calls Ryerson. Special sheets... alloys... 
hot and cold rolled bars... strip steel... tool steel 
... stainless steel and many other Ryerson pro- 
ducts vital to America’s Emergency are used by 
Bell in building the Airacobras. 

Stocks at the 10 Ryerson plants are reason- 


ably complete, and service in general is prompt 
In times like these, naturally many sizes of certain 
products are low, some are out. But for the most 
part, you can depend on Ryerson for good service 
on thousands of different kinds, shapes and =1zes 
of steel and allied products. Joseph T. By crsen 
& Son, Inc. Plants at: Chicago, Milwavsee. 
St. Louis. Cincinnati, Cleveland, Detroit, By ‘alo. 


Philadelphia, Boston, Jersey City. 
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American Society for Metals 
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CONSOLIDATED 


National Metal Congress 


AMERICAN SOCIETY FOR METALS 


AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS 
THE WIRE ASSOCIATION 


Sunday, Oct. 19, 1941 


5:00 P.M. American Welding Society (A.W.S.) 
President's Reception: Bellevue-Stratford Hotel 


Vonday, Oct. 20, 1941 


9:00 A.M. @& Alloy Steels Session; Benjamin 
Franklin Hotel 

9:00 A.M. @& Fabrication Session: 
Franklin Hotel 

9:00 A.M. @ Research Methods Session: Ben- 
jamin Franklin Hotel 

9:30 A.M. A.W.S. Presentation of Medals and 
Prizes: Bellevue-Stratford Hotel 

10:00 A.M. American Institute of Mining and 
Metallurgical Engineers (A.1.M.E.) (Institute 
of Metals Division) Session on Copper and 
Tin Alloys: Ritz-Carlton Hotel 

10:15 A.M. A.W.S. Session on Weldability of 
Plain Carbon and Low Alloy Steels: Bellevue- 
Stratford Hotel 

10:30 A.M. A.LM-.E. (lron and Steel Division) 
Session on Physical Chemistry of Steel 
Making: Ritz-Carlton Hotel 

11:30 A.M. @& Defense Meeting: 

Franklin Hotel 

00 M. National Metal Exposition opens: 

Convention Hall 

12:15 P.M. Committee on Physical 

Chemistry of Steel Making, Luncheon Meet- 

ing: Ritz-Carlton Hotel 

(00 P.M. A.LM-.E. (Institute of Metals and 

Iron and Steel Divisions) Joint Session on 

Physical Metallurgy: Ritz-Carlton Hotel 

00 PLM. A.W.S. Non-Ferrous Research Ses- 

sion: Bellevue-Stratford Hote! 

700 P.M. A.W.S. Shipbuilding Session: Belle- 

vue-Stratford Hotel 

00 P.M. A.W.S. Training Session: Bellevue- 

Stratford Hotel 

30 P.M. & National Defense Group Meeting 

on Low Carbon Alloy Steels (Casehardening 

Steels): Convention Hall 

P.M. Wire Association (W.A.) Opening 

Session; Hotel Philadelphian 

(00 P.M. Lecture Course, Heat Flow in 

Metals: Convention Hall 

7:30 PM. A.LW.S. Industrial Research 
ference: Bellevue-Stratford Hotel 

8:00 P.M. @& National Defense Group Meeting 
on Manufacture of Shells: Convention Hall 

8:00 P.M. @& National Defense Group Meeting 
on Fabrication of Aluminum and Magnesium 
Alloys for Defense Material: Convention Hall 


Benjamin 


Benjamin 


to 


to te 


to 


te 


Con- 


PROGRAM 


AMERICAN WELDING SOCIE1) 


8:00 P.M. 


9:00 P.M. 


&G Lecture Course. Hardness and 
Hardness Measurements: Convention Hal! 


A.W.S. 


Educational 


Bellevue-Stratford Hotel 


10:30 PLM. 


9:00 A.M. 
9:00 A.M. 


9:00 A.M. 


National Metal Exposition closes 


Tuesday, Oct. 21, 1941 


Conference: 


& Hardenability and Physical Prop- 
erties Session; Benjamin Franklin Hotel 


© Corrosion and Stainless Steels 
Session: Benjamin Franklin Hotel 
Session on 


Benjamin Franklin Hotel 


9:30 A.M. 


sion 


A.W.S. Fundamental Research Ses- 
Are Studies and Heat Flow: Bellevue- 


Stratford Hotel 


9:30 A.M. 


A.W.S. 


Stratford Hotel 


9:30 A.M. 


W.A. 


Mordica 


Railroad Session: 


Hotel Philadelphian 


:00 ALM. 


00 A.M. 


A.1.VMi.E. (Institute of Metals Divi- 
sion) Session on Brass: Ritz-Carlton Hotel 
A.1.M.E. (lron and Steel Division 


Heat 


Memorial 


Treatment: 


Lecture: 


Session on Iron and Iron Alloys: Ritz-Carlton 


:30 A.M. 


Defense 


Franklin Hotel 
National Metal Exposition opens: 
Convention Hall 


M. 
2:00 M. 


& Canadian Luncheon: Benjamin 


Franklin Hotel 


715 P.M. 
715 P.M. 
PLM. 
00 PLM. 


A.I.M.E. (Institute of Metals) 
ecutive Committee, Luncheon: Ritz-Carlton 
A.1.M.E. 


Steel, Luncheon Meeting: Ritz-Carlton Hotel 


Committee 


Meeting: 


on 


Benjamin 


W.A. National Defense Luncheon: 
Hotel Philadelphian 


A.1.M.E. 


Round Table 


Discussion 


on Order-Disorder Phenomena: Ritz-Carlton 


:00 P.M, 


sion 


2:00 PLM. 


Session: 


700 PLM. 


A.W.S. Fundamental Research Ses- 
Testing Methods: Bellevue-Stratford 
and 


A.W.S. 


Bellevue-Stratford 
A.W.S. Structural Session: Belley 


Stratford Hotel 


:30 P.M. 


National Defense Group Meet: 
on Higher Alloy Steels (Oil Quenching Stee! 


Convention Hall 


PLM. 
P.M. 


delphian 


700 P.M. 


& Lecture Course. Heat Flow 


Aircrafi 


& National Defense Group Meet 
on Copper and Its Alloys; Convention | 


W.A. Annual Meeting: Hotel Ph 


Metals: Convention Hall 


Automotiye 
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CONSOLIDATED 


Tuesday kvening, Oct. 21, 1941 


A.LM.E. (Institute of Metals and 
Iron and Steel Divisions) Annual Autumn 
Dinner: Ritz-Carlton Hotel 
ALW.S. Fundamental Research Con- 
ference: Bellevue-Stratford Hotel 9 
400 PM. @& National Defense Group Meeting 
on Stainless and Heat Resisting Steel: Con- i) 
vention Hall 
800 PM. Lecture Course, Hardness and Q 
Hardness Measurements: Convention Hall 
30 P.M. National Metal Exposition closes 9 
Wednesday, Oct. 22, 1941 u 
12 
30 AM. & Chapter Chairmen’s Breakfast; 
Benjamin Franklin Hotel 2 
30 A.M. @& Annual Meeting and Campbell 
Memorial Lecture: Benjamin Franklin Hotel 
30 A.M. A.W.S. Research Session — Struc- » 
tural: Bellevue-Stratford Hotel 
30 A.M. A.W.S. Automotive and Aircraft 


Session: Bellevue-Stratford Hotel 
145 A.M. W.A. Technical Session: Hotel Phila- 
delphian 


2-00 M. 


wt 


National Metal Exposition opens: 


PLM. National Metal Exposition closes 


330 PLM. 


:30 PLM. 


:00 PLM. 


PROGRAM 


National Metal Congress 


Thursday, Oct, 23, 1941 


00 A.M. Symposium on Controlled Atmos- 
pheres; Benjamin Franklin Hotel 

(00 A.M. & Physical Properties Session: Ben- 
jamin Franklin Hotel 

00 A.M. @& Metallography of Steel Session: 
Benjamin Franklin Hotel 

30 A.M. A.W.S. Resistance Welding Session: 
Bellevue-Stratford Hotel 

30 A.M. A.W.S. Machinery Session: Belle- 
vue-Stratford Hotel 

45 A.M. W.A. Technical Session: Hotel Phila- 
delphian 

30 A.M. @& Defense Meeting: Benjamin 
Franklin Hotel 

:00 M. National Metal Exposition opens: 
Convention Hall 

2:00 P.M. A.W.S. Committee Meetings and 
District and Section Officers’ Conference: 
Bellevue-Stratford Hotel 


& National Defense Group Meeting 
on Castings (Steel and Iron): Convention Hall 
&G National Defense Group Meet- 
ing on Bearings: Problems, Conservation and 
Substitution: Convention Hall 

Lecture Course, Heat Flow in 
Metals: Convention Hall 


Convention Hall 6:00 P.M. National Metal Exposition closes. 
2:00 M. College Alumni Luncheons; Benja- 7:00 P.M. A.W.S. Annual Banquet: Bellevue- 
min Franklin Hotel Stratford Hotel 
2:15 PM. ALLM-.E. (lron and Steel Division) 7:30 P.M. @ Annual Banquet: Benjamin 
Executive Committee Luncheon Meeting: Franklin Hotel 
Ritz-Carlton Hotel 
(00 PM. (Institute of Metals Divi- 
sion) Session on Magnesium and Aluminum Friday, Oct, 24, 1941 
Alloys: Ritz-Carlton Hotel 
2:00 PM. (fron and Steel Division) 9:00 ALM. Symposium on Controlled Atmos- 
Session on Low Alloy Steel: Ritz-Carlton pheres: Benjamin Franklin Hotel 
Hotel 9:00 A.M. @& High Speed Steels Session: Ben- 
2:00 PM. ALW.S. Resistance Welding Sym- jamin Franklin Hotel 
posium: Bellevue-Stratford Hotel 9:00 A.M. @& Steel Making and Research Ses- 
(00 PM. ALW.S. Fundamental Research Ses- sion: Benjamin Franklin Hotel 
sion — Metallurgical; Bellevue-Stratford Hotel 9:30 A.M. A.W.S. Piping and Pressure Vessels 
(00 PLM. ALW.S. National Defense Session: Session: Bellevue-Stratford Hotel 
Bellevue-Stratford Hotel 9:30 A.M. A.W.S. Session on Welding of High 
(00 PM. W.A. Technical Session; Hotel Phila- Alloy Steels: Bellevue-Stratford Hotel 
delphian 11:30 A.M. @ Defense Meeting: Benjamin 
30 PM. & National Defense Group Meeting Franklin Hotel 
on High Strength Low Alloy Steels (Weldable 11:30 A.M. A.W.S. Business Meeting and Board 
Grades for Pressure Vessels, Piping, Ships. of Directors’ Luncheon Meeting: Bellevue- 
Rolling Stock): Convention Hall Stratford Hotel 
00 PLM. @& Lecture Course, Heat Flow in 12:00 M. National Metal Exposition opens: 
Metals: Convention Hall Convention Hall 
P.M. Annual Dinner and Stag 2:30 P.M. @& National Defense Group Meet- 
Smoker ing on Molybdenum High Speed Steels and 
0O P.M. & National Defense Group Meeting Tool Steels: Convention Hall 
on Inspection of Metals: Convention Hall 2:30 P.M. @ Lecture Course, Heat Flow in 
00 P.M. @ Leeture Course, Hardness and Metals: Convention Hall 
Hardness Measurements: Convention Hall 10:30 P.M. National Metal Exposition and Na- 


tional Metal Congress end. 
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Vonday, Jetober 20 


9:00 A.M. — Alloy Steels 
BALLROOM, BENJAMIN FRANKLIN HOTEI 


The Nickel-Molybdenum System 
by F. H. Ellinger, General Electric Co. 


Acicular Structure in Ni-Mo Cast Lrons 
by R. A. Flinn, American Brake Shoe & Foundry Co. 
Viorris Cohen 
and John Chipman 


Hot Brittleness of 0.50 Molybdenum Steel 
by C. L. Clark, Timken Roller Bearing Co. 
and J. W. Freeman, Univ ersity of Mic higan 
Some Properties of Phosphorus-’ Titanium Steels 
by G. F. Comstock, The Titanium Alloy Mfg. Co. 


Massachusetts Institute of Technology 


Wear Tests on Ferrous Alloys 
by O. HW. Ellis, Ontario Research Foundation 


9:00 A.M. — Fabrication 
WASHINGTON ROOM, BENJAMIN FRANKLIN HOTEL 


The Effect of Microstructure Upon the Work Harden- 
ing Characteristics of a 0.74°% Carbon Strip Steel 


and Hm. Brenner, Jr. Cold Metal Proce - 


Problems in the Drawability of Deep Drawing Sheets 
by M. Asimow, Central Metal Products Co. 
and J. \. Crombie, Carnegie-Ilinois Steel Corp. 
A Study of Cutting Oils With 
and Without Added Sulphur 
by O. W.. Boston, University of Michigan 
and J. C. Zimmer, Standard Oil Developme nt Corp. 
Some Properties of Sintered and Hot 
Pressed Copper-Zine Powder Compacts 
by C. G. Goetzel, American Electro Metal Corp. 
Homogenization of Copper- Nickel Powder Alloys 
by F’. N. Rhines 


and R. 4. Colton) Institute of Technology 


9:00 A.M. — Research Methods 
BETSY ROSS ROOM, BENJAMIN FRANKLIN HOTEL 


Magnetic Methods for Determining Carbon in Steel 
by B. A. Rogers 
Karl Wentzel-U. 5S. Bureau of Mines 
and J. P. Riott 
Application of Oscillograph to Determina- 
tion of Cooling Rates of Quenched Steels 
by C. R. Austin, Pennsylvania State College 
R. M. Carnegie-Illinois Steel Corp. 
and W.G. ban Note, North Carolina State College 
The Influence of Alloying Elements on the Critical 
Points of Steels as Measured by the Dilatometer 
by R. N. Gillmor, General Electric Co. 
X-Ray Study of the A; Point of Pure 
Iron Using the Geiger-Muller Counter 
by 4. P. Wangsgard, University of Utah 
Heat Etching as a General Method for 
Revealing the Austenite Grain Size of Steels 


by O. O. Miller , . . ‘ 
and M. J. Day United States Steel Corp. 


Educational Courses 


5:00 P.M., Monday Through Friday 
NO. 300 ROOM, CONVENTION HALL 


Heat Flow in Metals 
by J. B. Austin, U.S. Steel Corp. Research Laboratories 


Veta! Progress; 


Technical Meetings 


Tuesday, October 21 


9:00 A.M. — Hardenability 
WASHINGTON ROOM, BENJAMIN FRANKLIN Ho 


Hardenability Testing of Low Carbon Steels 


by R. C. Frerichs\ 
and EF. S. Rowland Timken Roller 


Hardenability of Shallow Hardening Steels 
by C. B. Post 

O. V. Greene -C. zarpenter Steel Co 

and H. Fonstermac ther 

The Effect of Carbon Content and ( tooling 

Rate on the Decomposition of Austenite 

by R. F. Thomson 

and C. A. Siebert 

Properties of Pearlite, Bainite and Spheroidite 

by M. Gensamer 


zy Carnegie Institute of Technology 


and J. R. Low, Jr. 
Effects of Initial Structure on Austen- 


ite Grain Formation and Coarsening 
by M. Baeyertz, Carnegie-Ilinois Steel Corp 


| niversity of Michigan 


9:00 A.M. — Stainless Steels 
BALLROOM, BENJAMIN FRANKLIN HOTE! 


The Influence of Stress on Corrosion Pitting 
) 

by D. + eee National Bureau of Standard- 
Formation of Tin-lron Alloy During Hot Tinning 
aa by 4. L, Sevbolt, Battelle Memorial Institut: 
The Role of Nitrogen in 18-8 Stainless Steel 
by H. H. Uhlig, General Electric Co 

Acceleration of Strain in Heat Resisting Alloys 
by G. R. Brophy 
and D. Furman 

Balancing the Composition of Cast 25° 
Chromium, 12% Nickel Type Alloys 
by J. T. Gow 
and O. Harder 


International Nickel Co 


Battelle Memorial Lnstitut: 


9:00 A.M. — Heat Treatment 
BETSY ROSS ROOM, BENJAMIN FRANKLIN HOTE! 


Urea Process for Nitriding Steels 
by R. P. Dunn, Electro Manganese Corp 

B. F. Mackay, Royal Canadian Air Fore 

and R. L. Dowdell, University of Minnesota 


| 
The Kinetics of Graphitization in White Cast fron 
by H. A. Schwartz, National Malleable and Steel Casting (oe 


Effects of Small Amounts of Alloy- 
ing Elements on Graphitization 
by C. R. Austin, Pennsylvania State ollege 

and B.S. Norris, United States Pipe and ~ seed ry Co 


Properties and Structures of Casehardened 
Steel as Affected by Cooling Practice 
by O. W. McMullan, Y oungstow n Sheet and |! 


The Precipitation Reaction in Cold-Rolled Bra 
by R. H. Harrington 


General Elk 
and T. C. Jester; 


8:00 P.M., Monday Through Wednes: 


NO. 400 ROOM, CONVENTION HALL 


Hardness and Hardness Measurements 
by S. R. Williams, Amber- 
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W ednesday, October 22 


30 A.M. — Annual Meeting of & 
BALLROOM, BENJAMIN FRANKLIN HOTEL 


194 ward de Mille Campbell Memorial Lecture 
by R. F. Mehl, Carnegie Institute of Technology 


Thursday, October 23 


Simultaneous Morning Sessions 


9:00 A.M. — Controlled Atmospheres 
BALLROOM, BENJAMIN FRANKLIN HOTEL 


Fundamental Features of Controlled Atmospheres 
by H.W. Gillett 
and B. Gonser 
Chemical Equilibrium as a Guide to Control 
by J. B. Austin 
and M. J. Day 
Prevention of Oxidation Type 
of Reaction of Ferrous Metals 
by A.G. Hotchkiss — 
and H. M. Webber) ™ 
Prevention of Oxidation Type of Reaction in 

the Heat Treatment of Copper and Its Alloys 

by deCoriolis 
and H illiam Lehrer 
Heat Treatment of the Cr-C Stainless Steels 
by WE. Mahin 
and HW. C. Troy 


Battelle Memorial Institute 


United States Steel Corp. 


Surface Combustion Corp. 


Westinghouse Electric & Mfg. Co. 


9:00 A.M. — Physical Properties 
BETSY ROSS ROOM, BENJAMIN FRANKLIN HOTEL 


Effect of Strain Rate on Tensile Impact Strength 
by R. Parker 
and C. Ferguson 
Effect of Grain Size and Heat Treatment Up- 
on Impact Toughness at Low Temperatures 
by S. J. Rosenber, 


and D. H. National Bureau of Standards 


Low Temperature Impact Resistant Steel Castings 
by \. A. Ziegler 

and Northrup 

Dynamic Hardness Testing of Metals 

and Alloys at Elevated Temperatures 

by Erich Fetz, C. O. Jelliff Mfg. Corp 


General Electric Co. 


Crane Co. 


9:00 A.M. — Metallography 
WASHINGTON ROOM, BENJAMIN FRANKLIN HOTEL 


Microstructure of High Purity Fe-C Alloys 
. by 7.G. Digges, National Bureau of Standards 
rhe Strueture of Pearlite 
by F. C. Hull, Westinghouse Electric and Mfg. Co. 
and R. F. Mehl, Carnegie Institute of Technology 
rhe Interlamellar Spacing of Pearlite 

by G. E. Pellissier, International Nickel Co. 
VM. Hawkes, Carnegie Institute of Technology 
HW. A. Johnson, Westinghouse Electric & Mfg. Co. 
7 and R. F. Mehl, Carnegie Institute of Technology 
Che Martensite Thermal Arrest 
by A. B. Greninger, General Electric Co. 
\ Study of Martensite Forma- 
tion oy a Photometric Method 
by E. R. Saunders, Union Carbide & Carbon Corp. 
and J. F. Kahles, University of Cincinnati 


Technical Meetings 
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Friday, October 24 


Simultaneous Morning Sessions 


9:00 A.M. — Controlled Atmospheres 
BALLROOM, BENJAMIN FRANKLIN HOTEL 


Prevention of Decarburization in Aircraft Engines 
by J. 4. Comstock, Pratt & Whitney Aircraft Division 
Methods for Determining the Degree 
of Carburization or Decarburization 
by \. A. Aoebel, Lindberg Engineering Co. 
Surface Effects Accompanying the Heating of 
Carbon Tool Steel in Oxidizing Atmospheres 
by R. D. Stout 
and Toivo tho 
Discussion of Equipment, In- 
strumentation and Economy 
by Slowter, Battelle Memorial Institute 
Atmospheric Control in the Heat 
Treatment of Aluminum Products 
by P. 7. Stroup, Aluminum Co, of America 
Atmospheric Control in the Heat 
Treatment of Magnesium Products 
by 


Lehigh University 


Nelson, Dow Chemical Co. 


9:00 A.M. — High Speed Steels 
WASHINGTON ROOM, BENJAMIN FRANKLIN HOTEL! 


Electrical Resistance Method for the Determi- 
nation of Isothermal Austenite Transformations 
by FF. B. Rote, International Nickel Co. 
WC. Truckenmiller, A-C Spark Plug Div., General Motors Corp. 
and W. P. Wood, I niversity of Michigan 


The Tempering of Two High Carbon, 
High Vanadium High Speed Steels 

g £ I 
by B.S. Lement 


Mass. Inst. of Technology 


The Transformation of Retained Austenite 
in High Speed Steel at Low Temperatures 
by P. Gordon 


Massachusetts Institute of Technolog 
and Morris Cohen 5. 


Study of Dimensional and Other Changes in 
Various Die Steels Due to Heat Treatment 
by G. M. Butler, Jr., Allegheny Ludlum Steel Corp. 
Hardening Characteristics of Fe-Co-W Alloy 
by HW. P. Sykes, General Electric Co. 


9:00 A.M. — Steel Making 
BETSY ROSS ROOM, BENJAMIN FRANKLIN HOTEL 


The Over-All Linear Expansion of Three 
Face-Centered Cubic Metals (Al. Cu. Pb) 
by J. W. Richards, Mount St. Mary's College 


Growth of Shatter Cracks in Steel Rails 


Carnegie-Illinois Steel Corp. 


and R. Cramer, University of Illinois 


The Carbon-Oxygen Equilibrium in Liquid Iron 
by Shadburn Marshall, Remington Arms Co. 
and John Chipman, Mass. Inst. of Technology 


The Solubility of Lron Oxide in Ligue Iron 
by John Chipman, Mass. Inst. of Technology 
and A. L. Fetters, Carnegie Inst. of Technology 
Rapid Temperature Measurements of Molten Iron 


and Steel With an Immersion Thermocouple 
by Fulton Holtby, University of Minnesota 
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National Defense Group Meetings 


Monday, October 20, 1941 


ca On AvuGusr 18 representatives of the major 
American engineering societies were 
called together in) Washington by Roserr E. 
McConnecy, director of conservation and sub- 
stitution, Office of Production Management, in 
order to lay before the engineers of this country 
the latest available information on the supply 
and demand for strategic and critical metals. 
As one part of the informational program 
requested by him, the @ has organized eleven 
conferences on the conservation and substitu- 
tion of the important industrial metals. They 
have been scheduled for afternoon and evening; 
all scientific and technical papers will be read 
in morning sessions to avoid conflicts. 


Vonday Afternoon 


2:30 P.M. — Low Carbon Alloy Steels 
(Case Hardening Steels) 
BALLROOM, CONVENTION HALL 


Leaper: Gordon T. Williams 
Metallurgist, Deere & Co. 
Summarizer: O. MeMullan 
Metallurgist, Youngstown Sheet & Tube Co 


Repo rt 


from Conservation and Substitution Committee 


Commonly Used Alloy Steels 
That Are Searce or LU nobtainable 
by Halter Hildorf, Chief Metallurgical Engineer 
Timken Steel & Tube Co. 
Suggestions About Substitutes That 
Will Not Run Into Other Bottlenecks 
by hk. 7. Barron, Manager, Metallurgical Division 
Pittsburgh District, Carnegie-Hlinois Steel Corp. 
Comparison of Searce Steels and Substi- 
tutes as to Machinability, Speed of Car- 
burization, Hardness of Case, Uniform 
Hardenability of Case, Strength and 
Toughness of Core, Nature of Quench. 
Amount of Distortion During Heat Treating 
by FL be. MeCleary, Metallurgical Engineer, Chrysler Corp. 
Possibilities of Flame Hardening, Induction Harden- 
ing and Salt Bath Hardening of Substitute Steels 
(Speaker to be announced ) 
Changes in Mechanical Design 
of a Part to Permit Substitutes 
by H.W. McQuaid, Assistant Chief Metallurgist 
Republic Steel Corp. 


General Discussion by the Audience 
Questions and Answers 
Summary of important Points 


by O. MeMullan 


Metallurgist, Youngstown Sheet & Tube Co. 


Evening 


8:00 P.M. — Manufacture of Shells 
ROOM NO. 300, CONVENTION HALL 


Leaper: Arthur F. Macconochie 
Head, Department of Mechanical Engi 
neering, University of Virginia 


Summarizer: (To be announced). 


Shell Steel 
(Speaker to be announced 
Forged Shells 
by G. Schranz, General Manager 
Baldwin-Southwark Division 


Heat Treatment of Shells 
by Col. H. H. Zornig 
Office of Chief of Ordnance 


Sand Blasting of Shells 
(Speaker to be announced 


Machining of Shells 
by Ben C. Brosheer, Associate Editor 
tmericaan Machinist 
Cartridge Cases 
by flan Morris, Research Engineer 
Bridgeport Brass Co 
General Discussion by the Audience 
(Questions and Answers 
Summary of Important Points 


8:00 P.M. — Fabrication of Aluminum and 
Magnesium Base Alloys for Defense Material- 
BALLROOM, CONVENTION HALI 


Leaper: Dix, Jr. 
Chief Metallurgist, Aluminum Co. of America 


Summarizer: Harry Huester 
Metallurgist, Reynolds Metals Co 


\luminum Castings and Their Heat Treatment 
by B. Clements, Metallurgi-t 
Wright Aeronautical Corp 
Aluminum Forgings and Their Heat Treatment 
by L. Davis, Chief Metallurgist 
Forgings Division, Aluminum Co, of America 
\luminum Structural Shapes and 
Sheet. and Their Heat Treatment 
by T. W. Bossert, Assistant Chief Metall irgist 
Fabricating Division, Aluminum Co, of America 
Welding of Aluminum 
by G. O. Hoglund, Welding Engineer 
Aluminum Co. of \merica 
Machining of Aluminum 
by W. A. Dean, Research Metallurget 
Aluminum Co. of Ameries 
Magnesium Castings 
by 4rthur W. inston, | tor 
Metallurgical Department, Dow Chem 


General Discussion by the Audience 
Questions and Answers 


Summary of Important Points 
by Harry Huester 
Metallurgist, Reynolds Me 
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as National Defense Group Meetings 


Tuesday, October 21, 1941 


Simultaneous Afternoon Meetings 


2:30 P.M. — Higher Alloy Steels 
(Oil Quenching Steels) 
BALLROOM, CONVENTION HALL 


per: M. A. Grossmann 
Chief Metallurgist, Chicago District, 
Carnegie-Illinois Steel Corp. 
wwarizer: Harry W. McQuaid 
Consultant, OPM, and Assistant Chief 
Metallurgist, Republic Steel Corp. 


Report 
from Conservation and Substitution Committee 
Outline of Function of Principal Alloys in Steel 
by bk. C. Bain, Assistant to the Vice-President 
Steel Corp. 
Commonly Used Alloy Steels That Are Scarce 
by Harry W. MeQuaid, Assistant Chief Metallurgist 
Republic Steel Corp. 
standardization of Steel Specifications 
by arwick, Consultant 
Conservation Board, Division of Purchases, OPM 
Suggestions About Substitutes That 
Will Not Run Into Other Bottlenecks 
by VM. J. R. Morris, Chief Metallurgical Engineer 
Republic Steel Corp. 
Evaluating the Hardenability of Steel 
by Halter Fk. Jominy, Research Metallurgist 
Chrysler Corp. 
Comparison of Scarce Steels and Substi- 
tutes as to Availability and Cost, Machin- 
ability and other Manufacturing Properties 
by H. J. French, Manager. Alloy Steel and Lron Development 
International Nickel Co., Ine. 
Changes in Design, to Permit Substitution 
by Harry W. MeQuaid, Assistant Chief Metallurgist 
Republic Steel Corp. 
General Discussion by the Audience 
(Questions and Answers 


Summary of Important Points 
by Harry McQuaid 


Assistant Chief Metallurgist, Republic Steel Corp. 


2:30 P. M. — Copper and Its Alloys 
ROOM NO. 300, CONVENTION HALL 


Leaper: Harry P. Croft 
Asst. Director of Research, Cleveland Mill 
Division, Chase Brass & Copper Co. 


SU MMARIZER: Leslie S. Fletcher 
Frankford Arsenal 


Report 


from Conservation and Substitution Committee 


Elimination of Unnecessary Alloys 
by D. A. Crampton, Director of Research 
Chase Brass & Copper Co. 
Standardization of Specifications 
by C. L. Warwick, Consultant 
Government Conservation Board 
Division of Purchases, OPM 
Lse of Temporary Substitutes: 
(a) In Diversified Industry 
by WB. Price, Chief Chemist and Metallurgist 
Scovill Mfg. Co. 
(b) In the Electrical Industry 
by 7. S. Fuller, Engineer of Materials 
Schenectady Works Laboratory, General Electric Co. 
(ec) In Communications Industry 
by Karle Schumacher 
Bell Telephone Laboratories 
Use of Copper Alloys as Alternates for Scarce Metals 
by John R. Freeman, Manager, Technical Department 
American Brass Co. 
Copper and Its Alloys in Munitions Parts 
by Lt. WOW. Culbertson 
Frankford Arsenal 


Copper in lron and Steel for Defense Work 
by J. bk. Jackson, Metallurgical Engineer 
Copper lron and Steel Development Association 
General Discussion by the Audience 
Questions and Answers 
Summary of important Points 
by laj. Leslie S. Fletcher 
Frankford Arsenal 


8:00 P. M. — Evening Session on Stainless and Heat Resisting Steel 
BALLROOM, CONVENTION HALI 


CuamMan: 4. L. Feild 
Director of Research, Rustless lron and Steel Corp. 


R. J. 
Chemical Engineer, International Nickel Co., Ine. 
Report 
from Conservation and Substitution Committee 
rhe Problem of Conservation: - 
Substitutes for Decorative Uses 
by C. Heussner, Chrysler Corp. 
Use of Alloys of Lower Chromium and/or Nickel 
(a) 16% Cr. 1%% Ni 
by Stanley P. Watkins, Rustless lron and Steel Corp. 
(b) 13% Cr Steels 
by R. 4. Lincoln, Allegheny Ludlum Steel Co. 
(ce) Use of Reclaimed Scrap 
by Hubert 4. Grove, Republic Steel Corp. 


Clad Materials 
by S. L. Hoyt, Battelle Memorial Institute 
Conservation of Heat Resisting Alloys 
by M. 4. Hunter, Driver-Harris Co, 


The Problem of Substitution: 


Lead 
by R. L.. Hallett, National Lead Co. 
Silicon Irons 
by D. bE. Jack, Duriron Co., Ine. 
Calorized Lrons 
by B. J. Sayles, The Calorizing Co. 
Silicon Cementation 
by Harry kh. Fhrig, Globe Steel Tubes Co. 
(Juasi-Stainless Steels 
by Russell Franks 
Union Carbide and Carbon Research Laboratories, Ine. 
Silver and Platinum Lined Equipment 
by Fred F. Carter, Baker & Co. 
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National Defense Group Meetings 


Wednesday, October 22, 1941 


Afternoon 


2:30 P.M. — High Strength Low Alloy Steels 
(Weldable Grades for Pressure Vessels, Piping, 
Ships, Rolling Stock) 

BALLROOM, CONVENTION HALL 


Leaper: Col. Glenn F. Jenks 
Ordnance Department, L. 5. Army 


ScmMMARIZER: James C. Hodge 
Vice-President, Wellman Engineering Co. 


Report 


from Conservation and Substitution Committee 


Alloys Available to Give Strength 
Without Heat Treatment 
by 4. B. Kinzel, Chief Metallurgist 
Union Carbide & Carbon Research Laboratories, Inc. 
Limits of Alloying Before Weldability Is Impaired 
by Leon C. Bibber, Welding Engineer 
Carnegie-Illinois Steel Corp. 
Substitutes for Scarce Alloys 
by B. D. Saklatwalla, Consultant 
Alloys Development Corp. 
Substitutions in Various Industries: 
(1) Railroad Rolling Stock 
by B. D. Saklatwalla, Consultant 
Alloys Development Corp. 
(Il) Pressure Vessels, Piping and Bolting 
by J. J. Kanter, Materials Research Engineer 
Crane Co. 
(111) Large Forgings 
by F. B. Foley, Superintendent, Research Department 
The Midvale Co. 
(IV) Ships’ Hulls 
by Paul D. Ffield, Materials Engineer 
Bethlehem Steel Co., Shipbuilding Division 
(VY) Bridges and Building Skeletons 
by Jonathan Jones, Chief Engineer 
Bethlehem Steel Co. 
Welded Pipe and Pressure Vessel Linings 
by Merrill 4. Scheil, Research Metallurgist 
A. O. Smith Corp. 
General Discussion by the Audience 
Questions and Answers 


Summary of Important Points 
by James C. Hodge 
Vice-President 
Wellman Engineering Co. 


Needs 


HELD AT 


General 


ALL MEETINGS 11:30) A, 


Vonday, October 20 


Major General Jacob L. Devers 
In Command of Armored ‘Troops, U. 5. Army 


Tuesday, October 21 


Lieutenant Commander J. C. Crommellin 
Bureau of Aeronauties, U.S. Navy 


M. — BALLROOM, 


Evening 


8:00 P.M. — Inspection of Metals 
BALLROOM, CONVENTION HALL 


Leaver: John W. Sullivan 
Head, Inspection Division, Cleveland 
Ordnance District 

Summarizer: J. Jeffries 
District Chief Engineer, Philadelphia 
Ordnance District 


Principles of Inspection of Non-Ferrous Materials 
by Ernest E. Thum, Editor 
Metal Progress 
Principles of Inspection of Ferrous Materials 
by Earl Blaine, Chief Inspector 
E. G. Budd Co 
Principles of Aircraft Inspection 
by C.G. Stephens, Materials Supervisor 
Glenn L. Martin Co 
Inspection of Aircraft Engine Materials 
by EF. S. Marks, Quality Engineer 
Pratt & Whitney Aireraft Divisio: 
Army Ordnance Inspection 
by Brig. Gen. R. H. Somers 
Ordnance Department, Arm) 
Navy Ordnance Inspection 
Lt. Com. C. A. Misson, U.S. \ 
Inspector of Ordnance, Midvale (. 
Marine Construction Inspection 
by Ralph T. Hanson, U.S. 
Supervisor of Shipbuilding, Cramp Shipbuilding Co 
Training of Inspectors 
by Capt. A. J. Soderberg, Civilian Personnel Division 
Office ef Chief of Ordnance, U.S. A 
Ceneral Discussion 
Questions and Answers 
Summary of Important Points 


by W. J. Jeffries 
District Chief Engineer 
Philadelphia Ordnance District 


Non-Technical Talks on 


of National Defense 


HOTEL 


BENJAMIN FRANKLIN 


Thursday, October 23 


Rear Admiral Thomas T. Craven, U.S. \. 


Friday, October 24 


A Representative of the Office of 
Production Management 
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4s National Defense Group Meetings 


AS 


Thursday Afternoon, October 23, L941 


» 34 Vil. — Alloy Castings (Steel and Iron) 
BALLROOM, CONVENTION HALL 


Cyan: 4. L. Boegehold 
Head, Metallurgical Department, General 
Motors Research Laboratories 


Sc wwarizer: C. H. Lorig 
Battelle Memorial Institute 


Repor! 
from Conservation and Substitution Committee 


Function of Ni, Cr, and V That Are Searce 
by 4. W. Demmler, Vanadium Corp. of America 
Funetion of Manganese That Is Probably Obtainable 
by Fred Grotts, Fort Pitt Steel Castings Co. 
Function of Silicon, Titanium and Phosphorus 
by G. F. Comstock, Titanium Alloy Mfg. Co. 


Function of Copper 
by J. k. Jackson, Copper lron & Steel Dev elopment Asso. 
Function of Molybdenum and Utilization 
of Classified Serap and Alloy Pig Iron 
by | ictor Crosby, Climax Molybdenum Corp. 
| timate Conservation Due to Over- 
\ll Keonomies of Better Metal 
by | ictor Crosby, Climax Molybdenum Corp. 


Situation in Various Important Industries: 


\utomotive 
by Robert Schenck, Buick Motor Car Co. 


Railroad 


by Samuel Z. Krumm, The Buckeye Steel Castings Co. 


lll) Power 
by Norman L. Mochel, Westinghouse Electric & Mfg. Co. 


I\ Chemical and Petroleum 
by Francis B. Foley, The Midvale C« 


Agricultural Machinery 
by Hyman Bornstein, Deere & Co. 


2:30 P.M. — Bearings 
ROOM NO. 400, CONVENTION HALL 


Leaver: O. E. Harder 
Assistant Director, Battelle Memorial Institute, 


Summarizer: A. Allan Bates 
Manager, Chemical & Metallurgical Dept. 
Westinghouse Electric & Mfg. Co. 


Report 
from Conservation and Substitution Committee 
Replacing Tin-Base Babbitts by Lead-Base Babbitts 
by Carl Fk. Swartz, Metallurgist 
Cleveland Graphite Bronze Co. 
Bronze Bushings 
by kk. R. Darby, Director of Research 
Federal Mogul ¢ orp. 
Problems and Substitutes in 
Powder Metallurgy Bearings 
by R. P. Koehring, Metallurgist 
Moraine Products Division, General Motors Corp. 
Cadmium-Base Bearings 
by C.F. Smart, Metallurgist 
Pontiac Motor Division, General Motors Corp, 
Silver Bearings 
by bk. A. Ryder, Consulting Engineer 
Pratt & Whitney Aircraft Div. 
Bearing Substitutes in the Automotive Industry 
by Arthur F. Underwood, Nead Mechanic 
Research Laboratories Division, General Motors Corp. 
Problems in Aircraft Bearings 
(Speaker to be announced ) 
The Use of Bearings 
xy A. J. Langhammer, Amplex Division 
Chrysler Corp. 


General Discussion by the Audience 
(Questions and Answers 


Summary of Important Points 
By A. Allan Bates 
Manager, Chemical & Metallurgical Dept., 
Westinghouse Electric & Mfg. Co. 


2:30 P. M. Friday Afternoon, October 24, 1941 


Molybdenum High Speed Steels and Tool Steels 


BALLROOM. CONVENTION UALI 


Leaver: Bradley Stoughton 
Chief, Heat Treatment Equipment Unit, 
Pools Section, OPM 


G. V. Luerssen 
Metallurgist, Carpenter Steel Co. 


> 
Report on Alloying Elements 
from Conservation and Substitution Committee 


OPM ommittee Report on the Heat Treat- 
ment of Molybdenum High Speed Steel: 


Operations 
by Norman I. Stotz, Metallurgist 
Universal-Cyclops Steel Corp., Chairman 


(Il) Furnaces and Controlled Atmospheres 
by C. 1. Haves, President 
L. Hayes, Inec., Chairman 
Salt Baths 
by 4. F. Holden, President 
A. F. Holden Co., Chairman 
Tool Steels 
by James P. Gill, Chief Metallurgist 
Vanadium-Alloys Steel Co. 
General Discussion by the Audience 
(Questions and Answers 


Summary of Points 
ry G. V. Luerssen 
Metallurgist, Carpenter Steel Co. 


October, 1941; Page 405 


ay 4 
| 
i 
4 
“tt 
2 
> 
| 
4 
: 
a 
¥ 
® 
ey 
| 
A 
— 
x 


American Welding Society Program 


Sunday, ¢ Ictober 19 


5:00 to 7:00 P.M. — President's Reception 
NORTH GARDEN, BELLEVUE-STRATFORD HOTEL 


Vonday, October 20 


9:30 A.M. — Presentation of Medals and Prizes 
ROSE GARDEN, BELLEVUE-STRATFORD HOTEL 


10:15 A.M. — Plain Carbon and Low Alloy Steels 
ROSE GARDEN, BELLEVUE-STRATFORD HOTEL 


The Specification of Weldability of Steels 
by 4. B. Kinzel Union Carbide and Carbon 


Research Laboratories 
Weldability Tests of Nickel Steels 
by C. Jackson 
and G.G. Luther 
Weldability of Steels 
by H. Bruckner, University of Ilinois 


Naval Research Laboratory 


2:00 P.M. — Non-Ferrous Research 
ROSE GARDEN, BELLEVUE-STRATFORD HOTEL 


Quality of Welds in Monel, Nickel and Inconel 
by Flocke 
and A. M. Spicer 

The Flow of Metal in Brazing Aluminum 
by M. 4. Miller, Aluminum Research Laboratories 


The International Nickel Co., Ine. 


Welding of Copper 

by 4. P. Young, Michigan College of Mining & Technology 
The Spot Welding of Nickel, Monel and Inconel 

by Hess 

and Albert Muller 


Rensselaer Polytechnic Institute 


2:00 P.M. — Shipbuilding Session 
SOUTH GARDEN, BELLEVUE-STRATFORD HOTEL 


Riveted Vs. Welded Smoke Pipes 
by H.O. Klinke, U.S. Navy Yard 
Machine Flame Cutting in Shipbuilding 
by bk. R. McClung 
and H. L. Wagener 


Survey of Welding and Cutting in Ship Construction 
by FF. Outcalt 
and J. M. Keir 

Welding Applications in Naval Machinery 

by Hiemke| Navy Department 
and J. D. Bert Bureau of Ships 


New York Shipbuilding Corp. 


The Linde Air Products Co. 


2:00 P.M. — Training Session 
NORTH GARDEN, BELLEVUE-STRATFORD HOTE! 


Training of Welding Operators 
Discussion led by 4.6. Bissell, Bureau of Ships, U.S.N. 
A.W.S. Minimum Requirements for 
the Training of Welding Operators 
by L. M. Datcher, Secretary of Committee 
Training Welders for National Defense 
Defense Training Program 
by James A. Waln) 1). Office of Education 
Training of Oxy-Acetylene Weld- 
ing and Cutting 
by D. F. Roberts, International Acetylene Association 
7:30 P.M. — Industrial Research Conference 
BELLEVUE-STRATFORD HOTEL 


9:00 P.M. — Educational Conference 
BELLEVUE-STRATFORD HOTEL 


Tuesday, October 21 


9:30 A.M.—Fundamental Researe}, 
SOUTH GARDEN, BELLEVUE-STRATFORD HoT) 


Magnetic Are Blow 
by C. H. Jennings : 
Westinghouse Electric & \ife. 
Metal Transfer in the Metallic Are 
by L. J. Larson, Consulting Engines; 
Heat Flow in Are Welding 
by M. Mahla, VC. Rowland Lehi 
C. A. Shook and G. kb. Doan ehigh University 


9:30 A.M. — Railroad Session 
ROSE GARDEN, BELLEVUE-STRATFORD HOTE! 


Welding as ngpted to Locomotives 
James Partington, American Locomotive 
Design of the World’s Largest Welded Flat Car 
by H. M. Priest, Steel Corp 
W elding Locomotives 
by 4. J. Raymo, Baldwin Locomotive Co 


Pressure Butt Welding of Railroad Rails 
by Lem Adams, Oxweld Railroad Service Co 4 


2:00 P.M. — Testing Methods 
NORTH GARDEN, BELLEVUE-STRATFORD HOTE! 


Photography of Fusion Welds 
by 7. Tiffin, University of Oklahoma 
Evaluating Welded Joints 
by W.F. Hess, Rensselaer Polytechnic Institur 
Methods of Testing Spot Welds 
by R. E. Bowman, War Dept., Air Corp- 
Thermal Gradients in Spot-Welding Electrodes 


by F. R. Hensel 
EF. 1. Larsen and E. F. Holt P. R. Mallory & Co 


2:00 P.M. — Aireraft and Automotive Session 
ROSE GARDEN, BELLEVUE-STRATFORD HOTE! 


Automotive Welding 
by S. M. Spice, Buick Motor Divisio: 
} augn Fegley, A-C Spark Plug 
and L. M. Skidmore, General Motors Institute of Technolog) 
Aluminum Alloy Spot Welding 
by P. H. Merriman, The Glenn L. Martin © 
Welding in the Aireraft Industry 
by F. M. Smith, Stout Skyeraft Corp 
Condenser Discharge Welding of Aluminum Alloy 
by John W. Dawson, Raytheon Mig. Cs 
and B. LL. Wise, Federal Machine & Welder Co 


2:00 P.M. — Structural Session 
SOUTH GARDEN, BELLEVUE-STRATFORD HOTE! 


Structural Welding 
by Fan Rensselaer P. Saxe, Consulting nginert 
Design of a Welded Bridge 
by G. T. Horton, Chicago Bridge & 
\dapting Construction Methods to Welding 
by La Motte Grover, Air Reduction > 
Cleveland Liquefied Gas Storage Tanks 
by J. O. Jackson, Pittsburgh-Des Moines 
Bridge Welding 


Dy T. H. Gardner, Florida East Coast Iwas 


7:30 P.M. — Fundamental Research Con!) rece 
BELLEVUE-STRATFORD HOTEL 
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HW ednesday, October 22 


9:31 M. — Research Session — Structural 
rit GARDEN, BELLEVUE-STRATFORD HOTEL 


feats Miscellaneous Welded Building Connections 
by Bruce Johnston 
and G. R. Deits 


Welded Connections for Axially Loaded Members 


by G. J. Gibson 
and B. T. Wake American Bridge Co. 


Lehigh University 


9.30 (.M. — Automotive and Aircraft Session 
GARDEN, BELLEVUE-STRATFORD HOTEL 


Welding in Aireraft Construction and Maintenance 
by 4. A. Seemann, The Linde Air Products Co. 
Management Control of Aircraft Design and Welding 
by J. P. Dods, Summerill Tubing Co. 
\ Survey of Aircraft Resistance Welding Equipment 
by L. P. Wood, Curtiss-Wright Corp., Airplane Division 


2.00 P.M. — Resistance Welding Symposium 
SOUTH GARDEN, BELLEVUE-STRATFORD HOTEL 


Properties of the Condensor Discharge Spot Welds 


by G. S. Mikhal 
peat F Falls Taylor Winfield Corp. 


Pulsation Welding of Heavy Structures 
by O. C. Frederick 

and R. P. McCants 

Electrical Characteristics of Resistance Welders 

by J. H. Cooper, Taylor W infield Corp. 


General Electric Co. 


Power Control 
by H. R. Crago, General Electric Co. 
Forging Welding 
by L. M. Benkert, Progressive Welder Co. 
Spot Welding Control and Supervision 

by J. R. Fetcher, b. G. Budd Mfg. Co. 


2:00 P.M. — Fundamental Metallurgy 
NORTH GARDEN, BELLEVUE-STRATFORD HOTEL 


The Effeet of Plate Temperature and 
Variable Wind Velocities on Welds 
by John L. Miller, Firestone Tire & Rubber Co. 
and k. L. Koehler, Mlinois Institute of Technology 
Welding Aluminum Containing Steels 
Battelle Memorial Institute 
Noteh Sensitivity of Welds Under Repeated Loading 
by H.L. Daasch, University of Vermont 
he Tee Bend Test to Determine Weldability 
by G. A. Ellinger, Bureau of Standards 
1. G. Bissell, Bureau of Ships, Navy Dept. 
and M.L. Williams, Bureau of Standards 


2:00 P.M. — National Defense Session 
ROSE GARDEN, BELLEVUE-STRATFORD HOTEL 


lraining Brazing Instructors for Defense 

by Leo Edelson, Handy & Harman 
Billet Cutting for Steel Forgings 
by H. bk. Rockefeller, The Linde Air Products Co, 
ne Cutting in National Defense Work 
"7 poo Air Reduction Sales Co. 
‘\adiographie Aspects of Aluminum Spot Welds 


by Robert C. Woods 
and S. L. Rich 


Mac! 


Some 


Bell Aireraft Corp. 
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({merican Welding Society Program 


Thursday, October 23 


9:30 A.M. — Resistance Welding Session 
SOUTH GARDEN, BELLEVUE-STRATFORD HOTEL 


Surface Polish and Contact Resistance 
by B. Kouwenhoven 
and J. Tampico 
Structural apee Welding Consistency Control Methods 
ry 4. M. Unger, Pullman-Standard Car Mfg. Co. 
Electrical Measurement of Elec- 
trode Pressure During Spot Welding 
by WF. Hess 


mesclace P chnic Institute 
pry Rensselaer Polytechnic Institut 


Johns Hopkins University 


9:30 A.M. — Machinery Session 
ROSE GARDEN, BELLEVUE-STRATFORD HOTEL 


Flame Hardening Internal 
and External Round Surfaces 
by Stephen Smith, Air Reduction Sales Co, 
Uses of Flame Hardening in Machine Tool Production 
by 1. L. Hartley, R. K. LeBlond Machine Tool Co. 
Welding From the Foundryman’s Point of View 


by J. J. Curran 
and T. H. Booth Walworth Co. 


2:00 P.M. — Committee Meetings and District 
and Section Officers Conference 
BELLEVUE-STRATFORD HOTEL 


7:00 P.M. — Annual Banquet 
BELLEVUE-STRATFORD HOTEL 


Friday, October 24 


9:30 A.M. — Piping and Pressure Vessels 
SOUTH GARDEN, BELLEVUE-STRATFORD HOTEL 


Flame Preheating and Stress-Relieving 
Are Welded High Pressure Pipe Lines 
by P. T. Onderdonk, Consolidated Edison Co. 
and HW erner Peterson of New York 
Welding Pressure Vessels, Tanks and Heat Exchangers 
by H. B. Schlosser, Edge Moor lron Works 
Radiographic Examination of Heavy Plate 
by O. R. Carpenter, Babcock & Wilcox Co. 


9:30 A.M. — Welding of High Alloy Steels 
ROSE GARDEN, BELLEVUE-STRATFORD HOTEL 


Hardness Measurements on Roll- 
ing Steel That Contained Welds 

by J. 7. Phillips, Foster Wheeler Co. 
The Shotweld Process of W elding 18-8 Stainless Steel 


by Joseph inlock 
and J. J. MacKinney E. G, Budd Mfg. Co. 


11:30 A.M. — Business Meeting and Board of 
Directors Luncheon Meeting 
BELLEVUE-STRATFORD HOTEL 
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Iron and Steel Division 


Institute of Metals | 


Islon 


American Institute of 


Mining and Metallurgical Engineers 


Technieal Program 


Vonday, October 20 


9:00 A.M. — Registration 
PALM COURT, RITZ-CARLTON HOTEL 


10:00 A.M. — Copper and Tin Alloys 
(Institute of Metals Division) 
BALLROOM, RITZ-CARLTON HOTEL 


Rates of High Temperature Oxi- 
dation of Dilute Copper Alloys 
by F. N. Rhines, Carnegie Institute of Technology 
HW. A. Johnson, Westinghouse Research Laboratories 
and W. A, Anderson, Carnegie Institute of Technology 
i ffect of Columbium on Some Annealing Char- 
acteristics of Copper and 80-20 Cupro- Nickel 
by A. Ll. Seybolt, Battelle Memorial Institute 
Reerystallization and Precipitation 
on Aging of Tin-Bismuth Alloys 
by J. kk. Burke, Norton Co. 
and C, W. Mason, Cornell University 
The Ferromagnetic Nature of the Beta 
Phase in the Copper-Manganese-Tin System 
by L. A. Carapella, Naval Research Laboratory 
and Ralph Hultgren, University of California 


10:30 A.M.—Physical Chemistry of Steel Making 
(Jron and Steel Division) 
FRENCH ROOM, RITZ-CARLTON HOTEL 


Silicon: Oxygen Equilibria in Liquid Lron 
ph Battelle Memorial Institute 
Silicon Monoxide 
by C. A. Zapffe\ Battelle Memorial Institute 
and Sims 


12:15 P.M. — Luncheon Meeting 


Committee on Physical Chemistry of Steel Making 
SUPPER ROOM NO. 1, RITZ-CARLTON HOTEL 


2:00 P.M. — Physical Metallurgy 
BALLROOM, RITZ-CARLTON HOTEL 


Theory of Lattice Expansion Introduced by Cold Work 
by Clarence Zener, State College of Washington 
Rapid Tension Tests Using the Two-Load Method 
by 1. |}. de Forest 
ViacGregor Massachusetts Institute 
and 4. R. Anderson of Technology 


A New Method for the Determination of 
Stress Distribution in Thin-Walled Tubing 
by G. Sachs 


and G. Espey Case School of Applied Science 


Tuesday, October 21 


10:00 A.M. — Session on Brass 
(Institute of Metals Division 
BALLROOM, RITZ-CARLTON HOTEL 


Effect of Cold Work and Annealing upon 
Internal Friction of Alpha — Brass 
by Clarence Zener 

and Howard Clarke 

and Cyril Stanley Smith, American Brass (, 


State College of \ ashington 


Strength Distribution in Sunk Brass Tubing 
by G. Sachs 
spey Case School of Applied Science: 
and G. B. Kasik 
Residual Stress in Sunk Cartridge Brass Tubing 
by G. Sachs 
Espey Case School of Applied Science: 
Micrographie Observations Lines in Alpha Bras. 
by R.G. Treuting 


and R. M. Brick) Universit 


10:00 A.M. — Iron and Iron Alloys 
(Iron and Steel Divis 


FRENCH ROOM, RITZ-CARLTON HOTEI 


\ Magnetic Determination of the As Point 
by B. & Rogers 
and A. O. Stamm Bureau of Mi 
The Instability of Low-Expan- 
sion lron-Nickel-Cobalt Alloys 
by Irvin R. Kramer 
Walters. Naval Research Laborato 
Analysis of Mechanical Prop- 
erties of Heat Treated Steels 
by J.-S. Marsh, Alloys of Llron Resear 
The Evaluation of Ductility of Steels for Welding 


. Union Carbide & Carbo 
by A.B. Kinzel 
yA Research Laboratori: 


12:15 P.M. — Luncheon Meetings 


Executive Committee, Institute of Metals Division 
SUPPER ROOM NO. 1, RITZ-CARLTON HOTEL 


Committee on Bessemer Steel 
SUPPER ROOM NO. 3, RITZ-CARLTON HOTE! 


2:00 P.M. — Round Table Discussion 
BALLROOM, RITZ-CARLTON HOTEL 


Order-Disorder Phenomena 
William B. Shockley, Bell Telephone Laboratore 


Discus- Leader 


7:30 P.M. — Annual Autumn Dinn: 
BALLROOM, RITZ-CARLTON HOTEL 


Building Combat Tanks for the United Stat) \r™ 
General Superinten , Ord 

by George K. Bradfield, Jr. » nance Division, erical 

Car and yu 
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_— Magnesium and Aluminum Alloys 
(Institute of Metals Division) 
PRENCH ROOM, RITZ-CARLTON HOTEL 


Relief Residual Stress in Some Aluminum Alloys 
Preferred Orientation in Rolled Magnesium 


by P. W. Bakarian, how Chemical Co. 


Corrosion Studies of Magnesium and Its Alloys 
by J. D. Hanawalt 

E. Nelson 4 

and J. A. Peloubet 


Dow Chemical Co. 


Wednesday, October 22 


12:15 P.M. — Luncheon Meeting 


Executive Committee, lron and Steel Division 
SUPPER ROOM NO. 3, RITZ-CARLTON HOTEL 


2:00 P.M. — Low Alloy Steel 


(Iron and Steel Division) 


BALLROOM, RITZ-CARLTON HOTEL 


Mechanical Properties of Iron-Manganese Alloys 
by F. M. Walters, Jr. 
1. R. Kramer» Naval Research Laboratory 


and B, M. Loring 


Influence of Cr and Mo on 0.35% C Steel 
by R. F. Miller 
and R. F. Campbell U.S. Steel Corp. 
The S-Curve of a Chromium- Nickel Steel 
by Blake M. Loring, Naval Research Laboratory 


The Wire Association 


|A registration fee of $5.00 is required. 


Monday, October 20 


10:30 A.M. — Directors’ Meeting 
HOTEL PHILADELPHIAN 


12:00 M. — Luncheon Program Committee 
HOTEL PHILADELPHIAN 


2:30 P.M. — First Technical Session 
HOTEL PHILADELPHIAN 


Opening Address 
by F. A, Westphal, Sheffield Steel Corp. 
past president of the Wire Association 
lhe Cable Industry in National Defense 
by Aenneth S. Wyatt, Phelps Dodge Copper Products Corp. 
\ctivities of the U.S. Army Air Corps 
Sound Motion Picture 


Tuesday, October 21 


9:30 A.M. — Second Technical Session 
HOTEL PHILADELPHIAN 


lhe Mordiea Memorial Lecture 
by Aenneth B. Lewis, Consulting Wire Mill Engineer 
Steel for the Ages 
Seund Motion Picture by Allegheny Ludlum Steel Corp. 


1:00 P.M. — National Defense Luncheon 
HOTEL PHILADELPHIAN 


Addresses 
by Brigadier General A. Schulz 
ear Admiral Wat Tyler Cluverius 


National Association 
A. A. Stockdale | of Manufacturers 
Office of Production 


Management 


and Charles I. Gragg 


1:00 P.M. — Annual Meeting 
HOTEL PHILADELPHIAN 


Admission will be by badge only. | 


Wednesday. October 22 


9:15 A.M. — Third Technical Session 
HOTEL PHILADELPHIAN 


The Effects of Microstructure on the 
Galvanizing Characteristics of Steel 

by R. W. Sandelin, Atlantic Steel Co, 
High Speed Rotary Knitting Machine 
for Covering Electrical Conductors 

by S. Fk. Brillhart, Western Electric Co. 
A Brief Discussion of the Manufacture 


of Steel for Are Welding Electrodes 
by C. W. Garrett, Jones & Laughlin Steel Corp 


2:00 P.M. — Fourth Technical Session 
HOTEL PHILADELPHIAN 


Stainless Wire for the Aircraft Industry 
by J. A. Findley, Allegheny Ludlum Steel Corp. 
Diamond Dies for the High 
Speed Drawing of Copper Wire 
by H. N. Padowicz, Western Electric Co. 


Electrolytic Zine Coated Wire 
. by L. H. Winkler, Bethlehem Steel Co, 


7:30 P.M. — Annual Dinner and Stag Smoker 
MOTEL PHILADELPHIAN 


Thu rsday, October 23 


9:45 A.M. — Fifth Technical Session 
HOTEL PHILADELPHIAN 


Time, Temperature and Size in 
the Heating of Steel Wire 
by R. R. Tatnall, Wickwire Spencer Steel Co. 
Production of Commercial Bronze Screen Cloth Wire 
by B. H. McGar, Chase Brass & Copper Co., Ine. 


Activities of the U.S. Army Air Corps 
Sound Motion Picture 
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olden Baths over 5 years.... Today they havea personnel of 50 people....hq@gae! £ 
ne to three tons of HIGH SPEED STEELS daily....use HOLDEN BATHS EXCLUSIV@EY! 
THE A. F. HOLDEN COMPANY, New Haven, Conn. 
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Leadain eed 100 anuractur@s 
HOLDEN BATHS....SAL-WAY Steel Treating Company, Detroit, Mich., havegse¢ 


Nheelco pioneers an advancement in con- 


ai 
a ; ‘rcumentation with the presentation of this 
new . ries of flush-mounting temperature control- 
lers. New features and conveniences have been 
combi .ed with the Proved-in-Service Superiority of 


the “Radio Principle” control system. 


Unlike any other control instruments on the market, 
these new Wheelco Controllers provide « inter- 
changeability of all component parts inter- 
changeability of scale ranges e ready accessibility 
of all parts for individual checking « setting devices 
which may be mounted within the instrument case 
and locked as a precaution against sabotage. 


These features, and many others, are plus values 
added to the instantaneous control afforded by the 
“Radio Principle”—the control standard in industry 
since its introduction in 1935. An unlimited number 
of control combinations are available. 


Be sure to see these instruments at the Metal Show. 


Specifications: yeight—18” 
Width—11'2” 


Depth—117.” 


or equivalent 


Wheeles Instruments Co. 


HARRISON AND PEORIASTREETS - + CHICAGO, ILLINOIS 


Temperature Ranges—0 to 3600 F.., 


alco “Radio Principle” Instruments will be on display 


CAPACITROL 


Indicating millivoltmeter combined 
with “Radio Principle” Control. 


POTENTIO-TROL 


“Radio Principle’ Control combined 
with potentiometric temperature meas- 
urement. 


LIMITROL 


Indicating millivoltmeter combined 
with temperature and limiting control. 


RECORDING THERM-OTROL 


Recording Thermometer Controller for 
temperatures up to 1000 F. 


PROGRAM CONTROL 


Automatic control for any heating or 
cooling cycle. 


FLAME-OTROL 


Combustion safety control for all types 
of fuel. 


REMOTE CONTROLS 


Suitable for almost all control applica- 
tions. 


PORTABLE POTENTIOMETER 


Checking instrument for laboratory and 
plant. 


SURFACE PYROMETER 


For measuring temperatures on all 
types of surfaces. 


HEAT-EYE 


Radiation type thermocouple for ex- 
tremely exacting applications. 


BONDS 
GIVEN 
AWAY 


Bond will be the prize on the cl 


ab 


DEFENSE 


A $25.00 Defense Bond will be given 
away each day of the show. A $50 


day. Request complete details 
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Personals 


Sidney D. Williams ©, for- 
merly vice-president in charge of 
steel sales, Copperweld Steel Co., 
heen made executive vice- 
president in charge of the War- 
ren, Ohio, division. William B. 
Klee, Jr. @, assistant secretary, 
has been made assistant to the 


executive vice-president. 


has 


Joseph M. Keating @ has re- 


ceived his B. S. in mining and 
metallurgical engineering from 
University of Wisconsin, and is 


now in charge of time study for 
the Spring City Foundry, the 
Waukesha, Wis., branch of Grede 
Foundries. 


L. P. Flesch &, formerly with 
Youngstown Sheet & Tube Co., 
East Chicago, Ind., is now with 
Allison Engineering Co., Indian- 
apolis. 


te 


The 
CUTTING 
COMPOUND 
Developed Expecially 
for 
CARBIDE 
and other 
VERY HIGH SPEED 
CUTTING TOOLS 


HE rapidly increasing use 

of carbide and other high 
speed tools emphasizes the 
immediate importance of this 
original type of cutting fluid. 
STUART'S SOLVOL Liquid Cut- 


ting Compound was developed es- 
pecially for this exact condition. 
for properly applied 
straight cutting oils — and where ordinary soluble 
cutting oils or soluble paste compounds fail to 
produce satisfactory finish or tool life — that’s the 


place for this original Stvet Oil development. 


WIRE TODAY for working sample — FREE to any industrial con- 
To assure proper application 
please tell us name of part, stock, machine and cutting operations. 


For All Cutting Fluid Problems 
D. A. STUART OIL CO. 


operations run “too hot” 


cern working on defense orders. 


Chicago, U.S.A. e LIMITED 


Werehouses in All Principal Metal Working Centers 


< 


< 


| 


wes Cutting Compound 


Tay It Quichly and See y 
The Difference 


. 
Where 


@ Visit us in Booth C-1, National Metal Congress, Philadelphia, Oct. 20-24 
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George B. Waterhou. 


MAST. 
president @ and prof 
metallurgy, Massachuset Insti- 
tute of Technology, is ; sta- 
tioned at Washington as 
consultant in the Steel Section o 
the Office of Production > iMage- 


ment. 


Albert B. Castro @ has heey 


commissioned as ensign, |. 
R., and is on active duty with 


lemporary assignment to the Ip. 
spectors Ordnance School, Nay, 
Yard, Washington, D. C. 


A. P. Bellinghausen @ has 
been placed in charge of a staf 
of Army ordnance inspectors at 
Atlas Imperial Diesel Engine (Co. 
representing the Chicago Ord- 
nance District. 


Harold A. Andersen @ is 
working in the sales engineering 
department on development work 
in plastics with Mine Safety 
Appliances Co., Pittsburgh. 


Shadburn Marshall @ finished 
at M. I. T. 
and is now research metal!urgist 
Bridgeport, 


graduate work in June 


Remington Arms Co., 
Conn. 


Edward L. F. Engelhard §. 
formerly of 
eters at Driver-Harris Co., 
pyrometer technician in 
at Wright Aeronautical Corp.s 
three Paterson district foundries 


supervisor pyrom- 
is now 


charge 


engineel 
Memoria! 
Austin 


Appointed research 
on the staff of Battelle 
Institute, Columbus, Ohio: 
Hiller ©, formerly 


on development! 


specta 
observer plant 
work in the metallurgical depart 
ment of the Duquesne Works 
Carnegic-Illinois Steel Cor; 


Stephen F. Rossiter ©. | 
lv in the metallurgical 
ment of Bethlehem Stee! , mM 
Lackawanna, N. Y., is now 
ant metallurgist to the in 
of naval aircraft, Pratt 4 
ney Aircraft Division, Ea: 
ford, Conn. 


¢ 
| 
Ay 
A 
& 
‘| 
| 
| 
Stuart's 
f 
Ene: ing 
Pk | 
| 
if 


Remember the address. “One Grand Mermaid” *® 


“EASY TO SEE” 


IT'S EASY TO SEE WHY LARGE AND SMALL CONCERNS 


ARE TURNING TO METLAB FOR THEIR HEAT TREATING 
IN DEFENSE WORK 


Results: — 
(1) Immediate service in furnaces that are ready. 
(2) No waiting for new equipment. 
(3) Capital and space saved. 
(4) Production costs and overhead reduced. 


(5) Quality insured. 
(6) Trained and experienced staff on the job. 


(7) Mass production facilities. 
ME‘TLAB co. 


(Horace C. Knerr, Pres.) 
1000 Mermaid Avenue, Phila., Pa. 
CHE. 3500 


LARGEST 


COMMERCIAL 
HEAT TREATERS 


,00TH 39 IN THE EAST 
\. NEW KIND OF EXHIBIT! 
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Personals 


Promoted: Richard P. Swartz, 
@ vice-president of Crown Can 
Co., Philadelphia, to the special 
post of assistant to the president. 


Charles R. Pollock @ has 
assumed charge of sales and serv- 
ice for Mahr. Mfg. Co. in the 
Detroit district. 


Donald L. Colwell @ has 
temporary leave of 
absence from the Paragon Die 
Casting Co. and the Elmer E. 
Mills Corp. to accept an appoint- 
ment in the Conservation Section 
of the Office of Production Man- 
agement, Washington, D. C. 


taken a 


Transferred by Aluminum Co. 
of America; Lewis P. Wilson @ 
from the general technical labo- 
ratory in Cleveland to the Detroit 
plant. 


“SHORT CUT” Metal Worker 


Rush that job! 


Every day is costing us money! 


—When customers write and 
wire like that, it’s high time to 
get a DoAll, today’s greatest 
time saver in metal working 
plants everywhere. 


13 FORMER TIME 


Connecting Rods for Diesel 
Engines made in less than I 
hour each at Sumner Iron 
Works, Everett, Wash. Form- 
er time—S hours each. 


13 FORMER TIME 

Wrist pins for Diesel Engines 
made from 45 carbon steel in 
2 hours, 48 minutes each at 
Norberg Co., Milwau- 
kee, Wis. Former time —8 
hours of milling. 


Holding up production waiting for it! 


Pays Its Own Way 


This wonder worker in metal saves 
so much time, effort, temper and 
material that you can’t afford to be 
without it—not if you use metal or 
alloys. 

Takes the place of shaping, milling 
and lathe work on hundreds of 
jobs. Makes special parts, large or 
small, without dies. Cuts out 40 to 
60 shapes at one time by stacking 
the sheets one above the other. 


Let’s Get Together 


We will send a factory trained man 

to your plant with a DoAll to show 

you what it can save for you. Just 

say the word. 

FREE —Literature and 158-page Hand- 
book on Contour Machining. 


CONTINENTAL MACHINES, INC. 


1307 S. Washington Ave., Minneapolis, Minn. 


issociated with the DoAll Company, 

Des Plaines, ll., Manufacturers of Band 

Saws and Band Files for DoAll Contour 
Machines. 
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associated with the Crucib Stee) 
Co. of America, working 
eastern research laboratory of the 
Atha Works in Harrison, J. 


Milton C. Parsons & With 
American Steel and Wire Co, jy 
Duluth, Minn., as a technica] 
apprentice. 


Victor H. Lawrence [ory- 
erly assistant to the executiye 
vice-president of Alan Wood 
Steel Co., Conshohocken, Pa., has 
become associated with Otis Stee! 
Co., Cleveland, as assistant to the 
president, 


Frank E. Weise, Jr. 
been transferred from the Bethle- 
hem plant of Bethlehem Stee! Co 
to the Williamsport Division of 
the Steelton plant, as a metallur- 
gical engineer working in the 
wire mill. 


Otto W. Winter formerly 
factory manager of the Columbus 
McKinnon Chain Corp., has been 
appointed vice-president in 
charge of manufacturing of the 
Republic Drill and Tool Co., Chi- 


CARO. 


W. H. MacMillan ©, formerly 
with Crucible Steel Co. of Amer 
ica, is now metallurgist for the 
Remington Arms Co., Bridgeport. 
Conn. 


Thomas C, Evans @ has been 
graduated from Pennsylvania 
State College and is now assistant 
metallurgist at Remington Arms 
Co., Bridgeport, Conn. 


David W. McDowell, Jr. & has 
joined the Navy Air Corps and ts 
at present in training in Jackson- 
ville, Fla. 


John E. Dorn ©, for! 
assistant professor at the U: 
sity of California, is now re: 
metallurgist with Dow 
Co., Midland, Mich. 


Richard D. Manning © | 
employed as junior metal 
for the Thomas Steel Co., WV 
Ohio. 
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on Hastings @ is now 
A. as a chemical engi- 
charge of instrumenta- 


Maurer @ has transferred 
. materials laboratory of 
Aeronautical Corp., Pat- 
\. J., to Cleveland District, 
ic Steel Corp., as an assist- 
earch metallurgist in the 
and development depart- 


Honored at a birthday dinner 
given by members of the Yale 
metallurgical alumni: C. H. Math- 
ewson &, head of the department 
of metallurgy at Yale University. 


Henry P. George @, previously 
instructor of metallurgy, Univer- 
sity of Detroit, is now employed 
as an assistant metallurgist in 
the laboratory of the Frankford 


Arsenal. 


Thomas E. Leontis @ has left 
development 
department of the Vanadium 
Corp. of America and is now a 
graduate student in the depart- 
ment of metallurgy at Carnegie 
Institute of Technology under a 
Dow Chemical Co. fellowship. 


the research and 


Anthony Conte @ is now 
employed as a junior inspector of 
engineering materials in the aero- 
nautical division of the U.S.N. 
and is stationed at the Curtiss- 
Wright airplane factories in Buf- 
falo, N. Y. 


Eric Winston @ is now em- 
ployed at the Philadelphia Navy 
Yard 


Leonard D. Orr ©, formerly 
with Detroit Steel 
Tubes Co. as metallurgical engi- 
heer, is now an engineer in the 
development organization of 
Western Electrie Co., Hawthorne 
Plant, Chicago. 


Seamless 


M. Cluff @ is now produc- 
tion planning engineer with the 
fieon L. Martin Co., Baltimore. 


W. H. Gardner ©, formerly 
metallurgist, National Tube Co., 
Ellwood City, Pa., is now affili- 
ated with the Navy Department 
as assistant metallurgist,  sta- 
tioned at the New York Ship- 
building Corp. at Camden, N. J. 


Gerald H. Backer @, formerly 
with the Academy of Aeronautics, 
is now assistant professor, Col- 
lege of Engineering, University of 
Kentucky. 


John M. Scott @ has been 
made process engineer with the 
Remington Arms Lake City Ord- 
nance plant, Independence, Mo. 


Blake D. Mills, Jr. @ has left 
the instructing staff of Massa- 
chusetts Institute of Technology 
mechanical engineering depart- 
ment and has been ordered to 
active duty with the Bureau of 
Ordnance in the Navy Depart- 
ment, 


nace. 7—Mertical H. T. Furnace. 


H. E. Curt, Pres. 


A new name in the Furnace Industry —but old in experience, 
as proven by the men and management backof it, and by an 
imposing list of outstanding installations in many prom'nent 
industrial and government plants. Your inquiry concerning 
VULCAN “Furnaces of Distinction’ will receive prompt aitention. 
KEY TO ILLUSTRATIONS: 1-—Rodiant Tube Convection Furnoce. 2—Harden- 


ing ond Drawing Furnaces. 3— Continvous or Semi-Continvous Furnace. 
4—Car Hearth Furnace. 5—Cor Hearth Furnace. 6—Rectangulor Pot Fur- 


VULCAN CORPORATION 


18th & CHERRY STREETS - PHILADELPHIA, PA. 


A. H. KeuGer, Vice-Pres. 


B. G. TARKINGTON, Chf. Enor 
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Personals 


Walter L. Hodapp formerly 
metallurgist, Crucible Steel Co. of 
America at Harrison, N. J., is 
now metallurgist at the Haleomb 
Division in Syracuse, N. Y. 


J. L. Miller @ is now metal- 
lurgist at Firestone Tire & Rub- 
ber Co., Akron, Ohio. 


J. Harry Jackson @, formerly 
metallurgist and welding engi- 
neer, Caterpillar Tractor Co., is 
now research engineer, Process 
Metallurgy Division, Battelle 
Memorial Institute. 


James O. Christenson ©, re- 
search metallurgist with the A. O. 
Smith Corp. of Milwaukee, has 
been called to active duty in the 
Office of the Chief of Ordnance 
in Washington, D. C. 


7HE BEST 
JOB 


MUST HAVE 
GOOD 


“THAT’S WHY | CALLED THE CITIES SERVICE 
LUBRICATION MAN IN” SAYS A. E. DAVEY, PRESIDENT 


OF ALLOY STEEL GEAR AND PINION COMPANY OF CHICAGO. 


“I’m doing a job here that 
must be perfect when it 
leaves the shop. The peo- 
ple who get the gears are 
plenty critical.’” Mr. Davey 
says further, “I don’t know 
everything about oil. That 
is why I called in the Cities 
Service Lubrication man. 
I expect him to work with 
my men to see that they get the 
oil best suited for the job.”’ 


Much work in this shop must 
meet rigid government inspection. 


FREE 
Just clip 


A. E. Davey 


All Gleason, Fellows Gear 
Shapers, Lee Bradner and 
Brown & Sharpe machines, 
are operated with Cities 
Service Lubricants. You, 
too, will find these high- 
i quality fluids capable of 
i doing the kind of work 
your customers want. 


Call us in for consultation — there 
is no charge for the service. Write 
us on your letterhead or mail the 
coupon for a copy of our booklet, 
“Metal Cutting Lubrication.”’ 


CITIES SERVICE OIL COMPANY 
Sixty Wall Tower, Room 1327, New York 


Please send me a copy of your booklet, 
**Metal Cutting Lubrication.” 


Name 

Firm Name 
Address 
City State 
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Daniel E. McCarthy has 
been graduated from the liver. 
sity of Notre Dame and now 


employed by the Westir 
Electric & Mfg. Co., Ea: Pitts. 
burgh, Pa. 


a member of the staff of the Col. 
lege of Engineering at Tulane 
University, is now instructor jp 
metallurgy at the University oj 
Detroit. | 


James R. Cady @ has resigned 
as instructor in metallurgy at 
the Colorado School of Mines to 
accept a position as foundry 
metallurgist for Columbia Stee! 
Co. in the Pittsburg, Cal., plant 


Jack I. Medoff physica! 
metallurgist, has been transferred 
from the Harrison Works, Worth- 
ington Pump and Machinery 
Corp., to the Ordnance Division, 
Holyoke Works, Holyoke, Mass 
in charge of X-ray inspection 


Ralph Hare who represents 
Electro Alloys Co. of Elyria, 
Ohio, in the New England states, 
will now also represent Park 
Chemical Co., in the same area 


We Colgan previously 
manager of Handy & Harman ot 
Canada Ltd., in Toronto, is now 
sales manager of the parent com- 
pany in New York. 


H. Edward Flanders © has 
changed his position from super- 
vising metallurgist at the Amert- 
can Rolling Mill Co., Middletown, 
Ohio, to assistant research 
director with American Stee! 
Foundries, Chicago. 


Justin Blay @, formerly with 
Inland Steel Co., is now assistant 


foundry metallurgist with 
national Harvester Co. in 
anapolis. 


Eugene Caldwell for!) 


general manager, Wr ht 
Washer Mfg. Co., Milwau! Is 
now general manager, Will: 


Hyster Co., Portland, Ore. 
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COLD SAWING 


1 


4 


See Us 

at the SHOW, 
Booth No. F-41 ~ 
Commercial Museum Hall 


ASTE is taboo in every quarter today . . . espe- 

cially the waste of ammunition and everything 
that pertains thereto. Motch & Merryweather Cold 
Sawing Machines are cutting 1%" to 104%” shell 
steel for forging slugs with unprecedented speed, 
delivering clean, square ends without burr or other 
irregularity. Losses are practically eliminated that 
were running beyond bounds. Uniformity in shape 
and size is the rule... The M & M Saw Grinder and 
Saw Blades present every feature needed to insure 
fast, accurate sharpening and maximum service. 


THE MOTCH « MERRYWEATHER MACHINERY CO. 


PENTON BUILDING ° CLEVELAND, OHIO 
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Select your brushes by pencil and paper 


of one operation; a washing machine 
company double brush life; an elec- 


@ Here's a quick way to figure the 
true cost of any brush you buy. Fill 
in your own figures—you'll find it 
interesting and profitable. (The fig- 
ures in brackets are an actual case, too.) 
1. Daily wage of workman who 
will use the brush... $ 
2. Days the brush will last. 


($5) 
(150) 
3. Labor cost to wear out the 

brush (No.1x No.2)$___ ($750) 
NOW, if an Osborn Brushing 

Specialist can prove to you (we said 
prove) that a different brush or a 
different use of it will save 10% in 


labor (actual savings often run up 
to 50%) you would save 
10% of $750 = $75 every 150 days, for 
each workman on that operation. As 
proven bya large rubber manufacturer. 


That's the kind of arithmetic we'd 
like to figure with you, after an 
Osborn Brushing Analysis of your 
plant. We helped an automotive 
manufacturer cut 80% off the time 


WORLD’‘S 


OF BRUSHES FOR 


LARGEST MANUFACTURER 
INDUSTRY 


trical manufacturer do a better job 


with cheaper materials. 


There’s no cost nor obligation to 
you for an Osborn Brushing An «ysis 
—but there is sure to be a profit 
making idea in it. Write The | orn 
Manufacturing Company, 5401 
ton Avenue, Cleveland, Ohio. 
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1941 the Washington Chapter & instituted an annual lecture 


Earl) 
in m ory of George K. Burgess, past director of the National 
Burea of Standards. The lecturer was Paul D. Merica, an early 
assor at the Bureau, and the stimulating text is printed here 


The Art of 


Alloy En 


ineering 


LeT US TURN to a general examination of 
a the industry of alloys and review for a 
few moments some of the simpler and vet fun- 
damental aspects of this industry and of the 
art of alloy metallurgy. I wish to consider the 
term “alloy” broadly, including ferrous as well 
as non-ferrous materials. 

At the outset, it should be emphasized that 
in this industry of alloys we are really engaged 
in the development, production, and delivery 
lo the engineering industries of engineering 
properties. Those properties that we do so pro- 
duce and deliver happen to be attached to 
metals and alloys, but it is their properties and 
their engineering performance which engineers 
and industry buy and employ usefully; the 
alloys are merely their carriers. Our funda- 
mental business as alloy engineers is, therefore, 
first to devise those alloy combinations that will 
yield the characteristics we need, and then to 
fabricate their carrier alloys into the forms 
required for their industrial utilization. I want 
to speak briefly about both of these major com- 
ponents of the job of alloy metallurgy. 

Virst, about fabrication: 

“ven a casual scrutiny of the subject will 
persuade us that the art of alloys fabrication is 
today in a state of most active development 
more active perhaps than at any time in the 
pas I venture the assertion that it is in the 
fie! f fabrication that alloy metallurgy is mak- 
‘Ng's most rapid progress today. 


When such items as the following are cited, 
they are only matters of common knowledge: 
Continuous rolling of steel sheets, supplanting 
the older and laborious hand and pack rolling; 
the rapid development of the art of welding of 
steels and the alloys to replace riveting, and 
involving such ingenious methods as “shot- 
welding”; hot extrusion of tubes and irregular 
sections, particularly in difficultly forgeable 
steels and alloys; the rapidly growing use of the 
electric furnace with its better metallurgical 
control; the onward march of production cast- 
ing in permanent molds; and many others. 

There are other developments in this cate- 
gory which are newer and perhaps less well 
There is no doubt that the art of con- 
very 


known. 
tinuous 
infancy, is moving ahead. I mean, of course, 
the continuous production from molten metal 
solidification in 


casting of metals, now in_ its 


of semi-finished shapes, by 


molds, dies, or rolls. Processes of various types 
for the extrusion casting of billets and rods are 
almost certainly coming into production within 
the near future. By these processes we produce 


a continuous metal billet rather than a series of 


By Paul D. Merica 
Vice-President 
The International Nickel Co. Inc 
New York City 
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ingots, and the billet is continuously solidifying 
in the mold and being removed from it. It is 
not difficult to appreciate the advantages which 
accrue to a casting method that avoids the 
necessity of scrap loss through ingot topping, 
and also affords greater certainty of sound inter- 
nal structure in metal billets. 

In the Hazecerr process of direct rolling, 
direct production from molten metal is carried 
even further, and sheet or strip metal is directly 
and continuously rolled from a molten bath. 
This process, although still in the development 
stage for higher melting point alloys, has been 
operated commercially on lead, brass, and alu- 
minum; on a new type of Hazevterr mill, pro- 
duction speeds as high as 500 ft. per min. have 
been attained, rolling metal directly from the 
molten condition to gages as thin as 0.02 in. 

There is today a slow but definite trend of 
encroachment of the electroplating or electro- 
forming technique of fabrication upon the fields 
of other methods. Very thin, electroformed 
copper sheets are on the market today for roof- 
ing and other purposes. Electrodeposited tin 
as well as zinc, marketed as deposited or after 
diffusion by heat treatment, are being commer- 
cially applied to steel in substitution for the 
older dipped coatings. A most interesting devel- 
opment of this nature is the production of fine 
metal screen by electroplating. The screen pat- 
tern is applied to a master plate by processes 
similar to those of photo-engraving, following 
which this plate is placed on a plating drum 
and the screen is plated and unwound off the 
drum continuously. Any sort of pattern can be 
produced by this method and in continuous 
strips or sheets. It will be observed that the 
electroforming method of fabrication is ideally 
suited to the low cost production of thin sections 
and complicated patterns — just the sections 
and forms which, by other methods of fabrica- 
tion, are expensive to produce. I think there 
is no doubt that we are only on the threshold of 
more general expansion of the use of the electro- 
forming art. 

Although the art of pressure die casting is 
not a new one, it must receive prominent men- 
tion in any roll call of fabrication developments, 
not only by reason of the extent to which die 
castings are moving ahead and replacing articles 
formed of other metals by more expensive 
fabrication operations, but also in tribute to the 
metallurgical feat of having worked out a cheap 
method for the production of articles of com- 
plicated shape, cast directly to a dimension 


tolerance of 0.001 to 0.002 in. and whic! quir 
practically no machining, and which fine y hay. 
good mechanical properties, with | engi}, 
strengths as high as 40,000 psi. Pressure dip 
casting in other metals such as iron anc brasé 
although not yet practiced, is probab!y to be 
realized when improved materials are avaijlah), 
for the dies. 


**Manipulation” of Alloy Properties 


Leaving the subject of fabrication, | should 
like to tackle the question of our position pis-- 
vis the more fundamental part of the alloy engi- 
neering job — that of devising or building alloys 
to the diverse demands of present day engineer. 
ing. How well can we today “manipulate” and 
control properties, and how wide and diverse 
an assortment of alloy properties do we today 
make available to industry? 

Obviously, our powers in this direction vary 
considerably in the different fields of alloy 
application. 

We must, first of all, admit that there are 
several industrially valuable characteristics of 
alloys which are very unresponsive to our con- 
trol or command; we are obliged to accept them 
more or less as we find them in the metalli 
elements themselves. Good examples are 
density and rigidity. These two properties ar 
stubbornly unalterable characteristics of th 
individual metals, and are relatively insensibl 
to modulation through alloying art. We ar 
fortunate in having at our disposal industrial 
alloys throughout a wide range of both densi- 
ties and rigidities, but the art of alloying can- 
not be said to have made great contribution to 
this happy situation. 

Most of the useful engineering properties 
and characteristics of alloys are what might be 
called partially responsive to manipulation. 
they may be found in useful intensity only in 2 
few metals or alloys, or — although inherent 1! 
many alloys — may be susceptible of only lim- 
ited alteration and response to manipulation. 

High values of electrical and therma! cor- 
ductivity are found only in a few metals, notably 
copper, aluminum, and silver. These cannot li 


improved by alloying — they are indeed VS 
impaired by alloying. We do our job bos, ! 
offering these properties to industry, W wi 
offer the pure and naked metals, as | re. 
unsullied by the touch of the alloying ar’ {i 
reciprocals of these properties howeve! lec- 


trical and thermal resistivity — ar 
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to alloying, and we are able to run a 


jut in ductile and fabricable alloys, 
from is having the low electrical resistivity 
ofcop, ©» to alloys of very high resistivity, such 
as th rromium-nickel alloys for electrical 
resist and heating elements. 


Ve netic properties of alloys, although 
attribu lable to the inherent ferro-magnetism of 
etals only, have in recent years shown 


a fev 

themselves amenable to a considerable degree 
of control, both in the field of high permeability 
and that of high magnetic retentivity. We 
have been able to step up from the maximum 


permeability of commercial silicon-iron, about 
h000 times that of air, to that of permalloy, 
which from 100,000 and even 300,000 has recently 
been pushed up, at least in laboratory speci- 
mens, to as high as 500,000. In the modern 
Alnico and Mishima magnet steels, it has been 
possible to improve the quality of permanent 
magnetism as much as five-fold. In this field 
of magnetic alloys the art of the physicist and 
metallurgist has been as strikingly employed in 
“stepping-up” the performance of alloys as any- 
where in the whole field of alloy metallurgy. 
We are beginning to understand some of the 
principles which must be followed in pushing 
forward the performance, both of magnetically 
soft and of magnetically hard materials. There 
isa science of magnetic alloys in the making. 

Corrosion resistance of alloys is moderately 
“responsive” to control. This is a property 
which has very generously engaged the time and 
effort of metallurgists and chemists. In attempt- 
ing lo mitigate the corrodibility of metals or 
alloys, we start with a big handicap, since the 
chemical reactivity of elements is a fairly fun- 
damental and unalterable characteristic, pos- 
sibly having to do with the number of electrons 
in the outer regions of the atomic volume 
that is to say, a function associated with the 
very architecture of the atom. Our effort in 
manipulating corrosion resistance, particularly 
in steel and iron alloys, is therefore that of 
restraining rather than of building up an inher- 
ent quality. 

Now, in this effort we are aided by some 
fortunate intervening circumstances — particu- 
larly the possibility of forming a self-healing, 
protective film, well recognized, for example, 
in the retardation of corrosion in aluminum. 
Probably the most spectacular use of protective 
lilm-forming constituents in building up the cor- 
osio’ resistance of alloys is in the stainless 
Stee’ in which, by the use of chromium, readily 


rusting steels are converted into practically rust- 
proof ones. 

With such an impressive example of cor- 
rosion retardation before us, amounting in this 
case substantially to corrosion suppression, we 
are apt to overlook more modest but important 
and numerous examples of the application of 
this art in other directions. 

One of the earliest examples was that of the 
conscious use of small amounts of copper in 
steel, as little as 0.25°, which in atmospheric 
exposure serve to build up its corrosion resist- 
ance by as much as 100 to 200°7, as measured 
by service tests. More recently it has been 
shown that small amounts of copper and nickel 
may retard the corrosion of steel and extend its 
service life by as much as 500%. The addition 
of 2 or 3% of molybdenum to stainless steel 
confers a further improvement of corrosion 
resistance, particularly in environments con- 
taining salt water, chlorides, or sulphites. 

In the non-ferrous field may be cited the 
use of about 2° of aluminum in brass, particu- 
larly in condenser tubes and for marine expo- 
sures, this comparatively small amount, of an 
element forming an oxide film, conferring sub- 
stantial improvement on the corrosion resistance 
of the brass, amounting under some conditions 
to as much as 300°. Just recently, an arsenical 
copper has been announced by one of the lead- 
ing copper mills, carrying about 0.5° of arsenic, 
for the improvement of the film-forming char- 
acteristics of the copper. 

And finally an amusing example is the dem- 
onstrated effect of less than 1° of iron in 
improving the corrosion resistance of cupro- 
nickel alloys, particularly in salt water. Here, 
surprisingly enough, we use a readily corrodible 
metal for the purpose of further improving the 
corrosion resistance of much more corrosion 
resistant metals! 

It is evident that a technique of corrosion 
protection is in the making, through the “doctor- 
ing” of alloys with “film-forming” elements. 
And I should like to emphasize that the amounts 
of film-forming constituent which yield impor- 
tant advantage are quite small, and insufficient 
generally to modify unduly the other useful 
properties of the material. In some cases, of 
course, they may happen actually to improve 
these as well. This is most important from the 
standpoint of alloy-building technique, in which 
we are anxious to be able to adjust and modify 
individual alloy properties without affecting 


others. 
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When now we consider that we are prob- 
ably only at the beginning of our unfolding 
knowledge of the complicated nature of film 
formation and effect, as well as of those other 
factors retarding corrosion which we recognize 
as inherent in some metals, one is not over- 
optimistic in anticipating that we shall in the 
future make much more effective use of film- 
forming alloy constituents, and go much further 
in the development of corrosion resistant steels 
and alloys generally. 

We have had glimpses of the possibility of 
initiating growth of alloy films in one environ- 
ment, which may thereafter be very effective in 
some other environment; for instance, oxide 
films on copper give protection against tarnish 
in sulphur-bearing atmospheres. I would con- 
sider it very probable that we are far from hav- 
ing exhausted the interesting possibilities that 
may be discovered through their exploration. 

And we are getting hints of other tech- 
niques, as well, by which we may retard the 
corrosion of alloys even more. Here is an 
intriguing possibility! We are accustomed to 
the view that it is preferable from the stand- 
point of its resistance to galvanic corrosion that 
an alloy should be homogeneous in structure, 
and that view is fully justified as long as the 
heterogeneity has random distribution. But if 
the two heterogeneous components of a sheet 
or tube wall, for example, are in the form of 
alternate complete layers —that is another 
story, as Wes_ey has demonstrated in his multi- 
lavered steel plate. This consists of alternate 
lavers of plain steel and of alloyed steel, and it 
proves to be particularly resistant to the pitting 
tvpe of corrosion, since any freshly forming pits 
constantly run into the effective galvanic bar- 
riers of the alloy layers. 

Mechanical Properties respond well to 
manipulation. Passing on in our survey, there 
is a group of very important engineering prop- 
erties quite responsive to our molding, and over 
which, particularly in recent years, we have 
been able to gain a quite impressive measure 
of control. These are the mechanical proper- 
lies, represented by strength and hardness. It is 
fortunate, incidentally, that these happen to be 
the very properties by reason of which metals 
on the whole derive their industrial value. 

Mankind was very lucky in having had 
thrust into his hands, very early, about the 
cheapest material, of high hardness and strength, 
that he could use. Perhaps it was for this very 
reason that the art of hardening other alloys 


was so long in appearing and deve ing 

However, this general art did finally — yt j) 
an appearance (initially in the form of \. yyy. 
age hardening duralumin), and within | past 
20 years this now well-known art of “ag lard. 
ening” has been very rapidly developed. | way; 
only to recall to you two facts about it whieh 
are important from the standpoint of allo engi- 
neering: First, the fundamental principles 
underlying this art are reasonably well wnder- 
stood, and second, the art appears to be gep- 
erally applicable to all metals and alloys at will, 
Here, therefore, is an art where by suitable 
alioving and heat treatment we may enhance 
the mechanical properties of practically all 
metallic materials at will. 

And the degree of enhancement of these 
properties is considerable; the strength of a 
soft metal such as aluminum being increased 
from about 15,000 psi. to over 60,000 psi. in age 
hardened duralumin, and that of copper, nickel, 
gold, and silver alloys being raised from two- 
fold to as much as five-fold the strength of the 
base alloys and into strength ranges of 150,000 
to 175,000 psi. 

Thus, in addition to our ability to produce 
and deliver alloy steels having tensile strengths 
at the 300,000-psi. level and over, we are able 
to bring the strength levels of many non-ferrous 
alloys up practically to 200,000 psi., a good level 
even for steel! 

Now here again, as in the case of corrosion 
resistance, the important fact which I wish to 
emphasize, is that these enhancements of 
mechanical properties may usually be secured 
by relatively modest alterations of alloy com- 
position — by additions in such small quantity 
as not to alter or disturb substantially the other 
useful properties of the alloys. Duralumin con- 
tains only about 5‘ of alloying elements which 
raise the density of the aluminum only about 
5° and leave most of its other properties unal- 
tered. This is an ideal type of art in alloy engi- 
neering —the development of a science and 
method for manipulation of alloys which per- 
mits flexible control of individual alloy proper- 
ties over wide ranges and without undue 
modification of other properties. 

I should like to digress a moment at this 
point to comment on a situation in the fi 
age hardening alloys which has some illu: 
ing aspects. With the exception of the ‘old 
trouper” in this field, duralumin, and 
few others, these alloys are not vet used i 
volume by industry, in spite of what app 
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The Birth of an Alloy 
J. M. Kelly pours a small ingot in the Westinghouse Laboratories of a hard copper-iron-cobalt alloy 
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| attractive mechanical properties. Here 
se in which, reversing the conventional 
ngineering industry has lagged behind 
urgy and has not yet begun to take full 
tage of new and improved alloy products. 


rol 
me! 
ads 
Wh» is this true? 

f course it arises from many reasons, of 
which certainly one is inertia. It always requires 
more time than we think for improvements, 
even important ones, to be absorbed into indus- 
trial practice, particularly when they require 
important design changes in order to render 


them economically useful. 

But it arises in part also from the fact that 
ase hardening alloys often have troublesome 
disabilities, such as susceptibility to embrittle- 
ment, low fatigue strength ratio, and certain 
difliculties in fabrication. I mention this aspect 
of the situation as an illustration of what 
appears to be a general truth in alloy metal- 
lurgy. Whenever we manage, by research and 
invention, to push upward the properties or 
performance of our alloy materials, we find that 
the steps by which this had been accomplished 
bring along also some unexpected and often 
most unwelcome impairments of other proper- 
ties, sometimes not readily apparent, with which 
we then have to deal. Sometimes indeed, in our 
more discouraged moments, we are likely to 
think that disabilities grow more rapidly in 
alloys than do virtues! In any event —as is 
well known to all in the profession — the busi- 
ness of wrestling with the disabilities of alloys 
absorbs a good deal of the time and effort of 
alloy metallurgists, and often the major tech- 
nical effort involved in bringing out new alloy 
material may be that of overcoming those dis- 
abilities which appear always to accompany 
major improvements. 


430 


1941 Reference 


VJMetadl 


Hardness is a very responsive property. 
This characteristic, associated as it is with resist- 
ance to mechanical wear and abrasion, is hardly 
less valuable in steels, irons, and alloys than 
that of mechanical strength. Through the newer 
art of precipitation hardening, which I have just 
mentioned, we are today able to bring about in 
ost alloy combinations not only strength 
enhancement, but also hardness enhancement, 
amounting often to as much as 100 to 200°. 
This ability permits us to build up the Brinell 
hardness of many non-ferrous alloys to values 
as high as 300 or 400, even 500. 

In addition we have, in other materials and 
by other methods, been able to push our hard- 
ness level in alloys very much higher. Thus, in 
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certain alloy cast irons, we are able through 
manipulation of composition and structure to 
secure surface hardness values of 750 to 900 
Brinell. Through the process of nitride harden- 
ing, thin surface layers are produced in steel 
having Brinell hardness values up around 1000. 
I cite also the development within the past 
several years of the newer carbide tool mate- 
rials, in which combinations of hard tungsten 
and other carbides are compacted to produce 
tools of performance far out-distancing, in 
important respects, even the high speed steels. 

Many very interesting and impressive stories 
can be told today of the economic contribution 
which modern alloys of high hardness and abra- 
sion resistance have made in permitting grind- 
ing, crushing, machining, and other operations 
at lower costs and higher efliciency, where 
enhancement of performance, amounting to 
from 200 to 500° is not at all uncommon, as 
compared with the competitive materials in 
prior use. It would be interesting to compute, 
for example, the per-pound value of some of 
the sintered carbide tool alloys, on the basis of 
crediting them with the economic value of the 
machining economies effected through their use, 
as compared with the use of their nearest com- 


petitors! 
Multiplex Properties Are Demanded 


The foregoing discussion has been con- 
cerned with the production and control of sim- 
ple and single alloy properties, and it seems 
clear that many of these properties are today 
reasonably subject to control and modulation 
in industrial alloys, and that most of them are 
commercially available in values covering a 
fairly broad range. It is, however, possible that 
we are approaching the limiting or maximum 
values attainable in many of these simple prop- 
erties, although I realize that there is no surer 
manner of disproving one’s intelligence than to 
attempt to forecast that something of a tech- 
nologic character will not happen in the future! 

But I could not be too confident, for exam- 
ple, that we can ever get much more in the way 
of tensile strength out of steel than the 300,000 
psi. or so now available, nor more in the way of 
electrical conductivity than that of copper or 
silver. In the nitrided cases on steel, we have 
surely extended our level of attainable hardness 
pretty far. 

It is not, however, single properties alone 
which are usually demanded in commercial 


rite 


. ey 
be D | 
is a | 
> 
4 
| 
| 
j 
a 
a 
| 
i 
4 
fae 
ay 


‘ull 


— 


| 


J 
g 


Page 132 


/ 

\ BA / 


aliovs day. The engineer is not satisfied 
ith high tensile strength, but usually 
dema other accompanying properties, often 
of a ire not readily reconcilable with high 
streng Thus an automotive gear forging must 


mere! 


have strength and high resistance to sur- 
i, but also acceptable machinability 
Electrical transmis- 
sion cable requires a material of high electrical 


face 
and ‘ ence of fragility. 


conductivity, but also high mechanical strength 
and ready fabricability. 

Indeed, alloy properties are almost always 
demanded in what might be called “multiplex” 
combinations, and that simple fact vastly com- 
plicates the art of alloy metallurgy. It is the 
supplying of those multiplex and complex com- 
binations that creates most of our “metallurgical 
headaches”. It is this fact also that leads to 
that impressive diversity of alloy products which 


awes the statistician and is the despair of the 


alloy producer. It is claimed that there are well 


over 5000 different alloys and steels in com- 
mercial use today. The steel industry alone is 
said to produce and sell some 100,000 different 
items. Ina really tiny portion of the alloy field 


that of dental gold alloys used for dentures 
and bridges —there are said to be 150 com- 


mercial alloys offered today! 


What are the reasons for this perplexing 


diversity of metallic products? Certainly it 


arises partly in consequence of the admittedly 
complex and variegated demands of the con- 
suming industries. But it arises also, and in 
fairly generous measure, from the necessity 


imposed upon the alloy industry by the pressure 
of these demands, namely, to extract the very 
ulmost in performance value from its available 
materials. And the art of alloy metallurgy, 
laced with the self-conflicting demands of engi- 
teers for “property combinations”, meets it by 
offering a very numerous series of “compro- 
mises” in alloy character and performance. 

Perhaps a simple illustration will make my 
meaning clearer. Engineers would like gray 
cast iron for structural purposes of as high 
50,000 psi., 100,000 psi. 
whatever the foundries could offer. And it isn’t 
‘oo difficult to produce iron of strength exceed- 


strength as possible 


ing 00,000 psi. But as the composition and char- 
acter of the iron are changed in such manner as 
'o yield these higher strength values, something 
else also happens. The iron becomes progres- 
‘ively less machinable, and this is a considera- 
lon of almost equal importance to the engineer 
igher strength. 


So the engineer and the foundryman are 
obliged to compromise on a particular composi- 
tion of iron that will have the maximum strength 
together with adequate machinability for the 
particular job. But the machinability of iron 
castings depends upon the casting section and 
design, so that the compromise solution, so 
arrived at, may vary considerably with the 
design problem with which the engineer is deal- 
ing. In order to extract from gray iron its maxi- 
mum potentialities and value, it is therefore 
necessary to produce it in a variety of composi- 
tions and qualities, suited for particular situa- 
tions and service. 

A considerable portion of the time and 
attention of alloy metallurgists is currently 
devoted to the job of seeking or of producing 
materials which might thus be called “com- 
promise” materials, since they are so chosen as 
to possess the maximum engineering perform- 
ance with the least attendant amount of disabil- 
itv—the disability usually being related to 
And in 


spite of the excellent organized effort which is 


fabricability or sometimes fragility. 


proceeding always in the direction of stand- 
ardization of metallic materials, the pressure of 
engineering demand is still so great as to force 
the alloy industry to diversify its products more 
rapidly than they can usefully be stabilized and 
standardized. 

Now it seems to me that precisely in this 
field of seeking and developing better “com- 
promise combinations” of alloy properties, or 
“sets of improved properties”, lies the greatest 
opportunity for alloy metallurgy. I believe it is 
possible to visualize many directions in which 


further progress may be possible in this sense. 
Whither Are We Headed in Alloys? 


Let us review some of these possible direc- 
tions of further progress. 

One of the most common components of 
industrially useful property combinations is one 
or more of the “fabricability” attributes, such as 
machinability, weldability, and ductility. Most 
of these attributes are moderately responsive 
characteristics, and in the double sense that by 
appropriate modification of the fabricating tech- 
nique, as well as of the alloy characteristics, if 
is usually possible to bring about considerable 
enhancement of its amenability to fabrication. 

Machinability, for example, is notoriously 
a characteristic over which we have recently 


been able to achieve a considerable measure of 
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control — not of course as much as we should 
like, but a very respectable degree of control 
nevertheless. 

Both in steels and in alloys, we are today 
generally able to bring about enhancement of 
machinability through alloying additions such 
as sulphur, lead, and selenium, which break up 
the structure and embrittle the chip cut by the 
machine tool. The degree of improvement, as 
reflected in machining production, may amount 
to as much as 50 to 100%. It is gratifying to 
realize that we can practically universally com- 
mand improvements of this order by a suitable 
and small alloying addition which does not 
unduly impair the other useful properties of 
the materials. 

Similar stories can be told of other fabric- 
ability characteristics, so one is not too bold in 
believing that we shall do much more in the 
future in improving the fabricability compo- 
nents of “industrial property sets”, and hence 
of raising the level of our utilizable primary 
alloy properties. 

On the other side of the picture, I consider 
it also probable that a major direction in which 
such improvements may be made available is 
through progress in the arts of fabricating 
alloys. 

I have commented on the extraordinary 
activity in the development of the art of metals 
fabrication — an art which I expect to develop 
continually, perhaps even in intensified tempo. 
Now quite apart from the direct economic value 
of improvements in fabrication technique, they 
often yield an equal, perhaps at times even 
greater, indirect value in their contribution to 
the art of making better engineering properties 
available in fabricable alloys. 

The development of the art of grinding, in 
partial replacement of machining, opened the 
industrial door to hard varieties of both steel 
and cast iron for many applications which had 
been closed to them before, for the simple rea- 
son that they were too hard to be machined. 
A good example is the cast iron automobile 
camshaft of today, with its chilled cam surfaces 
finished by grinding instead of by machining as 
in the past. And the improvement of the 
machining art itself, through the use of newer 
types of cutting tools and otherwise, has per- 
mitted the effective use of steels and other alloy 
materials at higher machinable levels of 
mechanical properties. 

Sometimes the development of a new fabri- 
cation art not only permits, but even requires, 


the use of better alloy materials. A go, 


Xam- 
In the day. whe, 


steel structures were assembled by ri, 


ple is the art of welding. 
ng, it 
was current dogma that alloy steels eo jd yo) 
economically be used in competition w egy. 
bon steels, since the latter, strengthen with 
some 0.30 to carbon, yielded wer 
considered to be adequate mechanical , roper- 
ties. With the advent of welding of stec! stry.. 
tures, however, steels are needed which lerats 
better the rather drastic thermal operatioy. 
without the undue hardening and embrittlemey 
experienced in steels containing so much car. 
bon. Lower carbon steels, with carbon from 
0.10 to 0.25%, together with a moderate alloy 
content to give the required strength, meet the 
new situation created by the advance of th 
welding art, and it seems clear that a new field 
for alloy steels is about to be opened up in 
welded steel structures. These steels offer bet- 
ler “compromise” properties of strength and 
fabricability also in other directions as, for 
example, in forming and drawing. 

It is thus a fact of general significance in 
the alloy business that major changes in engi- 
neering technique in any field have great influ- 
ence upon the trend of development in alloy 
materials. In the field of zince-base die castings, 
the development of a new fabrication art opened 
an opportunity in a totally new direction for 
zine alloys—a field which hitherto had been 
filled by electroplated steel or iron, and by brass 


Powder Metallurgy Offers Much Promise 


The new art of powder metallurgy offers a 
further example of the influence of a new art o! 
alloy fabrication on the level of useful proper- 
ties attainable in alloys, inasmuch as it affords 
the possibility of producing useful alloy miy- 
tures which would be impossible of production 
by conventional means. Thus by the powder 
method we produce the well-known oi!-less 
bearing, a mixture of graphite and copper whic! 
is impossible by fusion mixing, since the grap!- 
ite will obstinately float on top of liquid copper 
And similarly the alloy of copper and tungste! 
for electrical contacts can be powder-mixce’ anc 
compacted, but is impossible to alloy by ‘usic! 
since tungsten and copper are practically ‘nso! 
uble in each other. 

We have in the past been restricted (9 th 
list of alloys which form homogeneous so 
in the liquid state, and we realize tod 
that simple and now unnecessary res 


tat 
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hh: eprived us of some 
reo vy valuable industrial 


sing powders, we are 

not oven restricted to metallic 

econ ponents. One of the most 
int-resting and provocative 
“powder alloys”, to me, is the 
“alloy” of steel and diamonds used 
as a cutting disk or as a boring 
drill, and which offers considerable 
promise for difficult cutting and 
drilling operations. 

And here is another possibility 
opened up by powder metallurgy. One 
can so regulate the compacting and sin- 
tering operation as to control reasonably 
well the resultant porosity of the com- 
pacted article, and in particular to leave 
such a distribution of voids in a plate or 
tube, for example, as will permit its use as 
a filter. Porous nickel filter tubes have 
actually been produced by the powder 
method and used for filtering purposes, and 
one of the important firms in the new industry 
produces a whole line of thimbles and disks for 
protecting gas engines and delicate mechanisms 
from being fouled by occasional solid particles in 
the liquids or gases fed to them. 

There never was of course any great difliculty 
by the old and conventional method in producing 
holes in alloy castings! But metallurgists were not 
usually in position to arrange that those holes should 
be in just the right spot and of the right size to be of 
commercial value! 

Obviously the new powder-alloying technique has 
helped, and will probably help much more, to liit 
considerably the horizon of our alloy possibilites and 
capabilities. 

“Localized” Properties — We have seen that the 
alloy metallurgist’s constant struggle is to secure in 
his materials the properties, desired or specified, with- 
oul impairing unduly their other useful properties 
a struggle in which he must often make practical com- 
promises between incompatible properties. 

There is a steady growth of a group of somewhat 
diverse techniques for the attainment of these com- 
promise objectives, which operate by localizing in 
different parts of the fabricated metallic article the 
conflicting sets of properties, usually two. One tech- 
nique of this sort is the production of the so-called 
bi-metals or clad metals, of which there are now a 


~ 


«d many operating processes for the manufacture of 
humerous commercial substances in plate, strip or 
“re form. Copper-clad steel conserves the electrical 
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conductivity of its cop- 

per portion, while availing itself 
of the high tensile strength of the steel 
core. A number of corrosion resistant 
clad materials are on the market, such 
as nickel-clad steel stainless-clad 
steel, and in the jewelry field we find 
the various so-called “filled” materials, 
in which the compromise effected is 
very simply that of corrosion resistance 
and appearance at minimum cost. In the 
field of abrasion resistant articles, we 
encounter steel “weld-clad” with Stellite, 
and with hard alloy iron effecting a com- 
promise between hardness of the surface 
material and mechanical strength and 
toughness of the core. Babbitt and other 
“anti-friction alloys” are cast on steel 
strip in a continuous manner, and form 
the raw material for a multitude of steel- 
backed, thin-wall machine bearings. 
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Modern Bearings Sometimes Have Three Very Thin 
Layers of Alloy Within a Steel Back. Photo by Van 


Fisher at Cleveland Graphite Bronze; 100% inspec- 
tion for thickness; tolerance: 0.00025 + 0.000125 in. 


An ancient example of this art of localizing 
properties, that of casehardening, has in recent 
vears been supplemented by nitriding and the 
cementation of metals like aluminum, zine and 
silicon. More recently various types of sur- 
face hardening by flame or electrical induction 
heating have come into practical use, in which 
localization of heat treatment rather than local- 
ization of chemical composition is effected. 

Electroplating, a comparatively old art, has 
very recently been enlivened and enriched by 
the addition of heat treatment processes, which 
produce, by diffusion, alloy layers of improved 
corrosion protection as compared with the sim- 
ple electrodeposited surfaces. 

A very powerful technique for 
property production is, of course, that of powder 


localized” 


metallurgy just mentioned, and little imagina- 
tion is required to picture interesting pos- 
sibilities in this direction, many of which are 
being realized, such as that of bearings with 
steel backs and powder-compacted bearing sur- 
faces and powder-clad articles of various sorts. 

Another example of useful segregation of 
incompatibles by the powder method is in the 
pressure compacting of magnetic powders. 
These are coated with a thin insulating film, 


such that the powder compact has excellent 
magnetic permeability, but also much highe: 
electrical resistivity than is possible by the use 
of the magnetic material itself in dense form 

The list of these “property localizer” tech- 
niques is growing and I mention them prin- 
cipally to emphasize my belief that collectively 
they represent an important avenue of future 
metallurgical progress—an avenue that can 
lead us through much unexplored territory to 
opportunities as vet unutilized. It would appea! 
probable that progress in the use of arts of this 
type would be achieved particularly in the pro- 
duction of corrosion resistant and of abrasion 
resistant articles, of which surface and cor 
characteristics may well be quite different. Bu 
one can imagine many other fruitful directions 
in which this art might take form. 

Specific Materials Are Urgently Sought — |! 
we listen to the comments of engineers in othe! 
fields 

-we receive the impression that in spite of all 


chemical, electrical, mechanical, 


the progress alloy metallurgy has made in th 
past, the art still falls far short of being able 


supply the materials desired and required 
engineering and industry. For it is their °om- 
mon comment that progress in their art is helé 
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lack of better materials, and they 
‘lv include metallic materials in this 

Such comment inevitably reminds 
1s of specific problems which urgently 
tion. or of which the solution would 
have substantial economic value. 
e problems are often most neatly posed 
orm of a hypothetical alloy material 
ertain specified properties not yet 
achieved in practice. I should like to cite a few 
of these, Which would appear to have some 
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of realization. 
Creep Resistant Materials 


fhere are probably few such conceivable 
ideal materials which would be more warmly 
welcomed than a steel of higher creep strength 
at temperatures from 1000 up to 1300° F. and 
even higher. The economic contribution of 
improved materials of this sort in permitting 
higher steam generating temperatures, with 
resulting higher heat engine efficiency, is obvi- 
ous. Much progress has already been made in 
the development of creep resistant steels, as well 
as in our practical knowledge of creep, and this 
is reflected in the specifications in the present 
ASME. Boiler Code of permissible working 
stresses for steels at temperatures as high as 
1000° F.) And the alloy steels we have available 
today for medium high temperature service 
many of which were developed especially for it 

possess creep strength values of from 5000 to 
7000 psi., a figure very much higher than those 
of the carbon and alloy steels used for such 
service 15 years ago. 

Resistance to creep, within this particular 
and important temperature range, is a “struc- 
lure sensitive” property, and I believe that evi- 
dence favors the belief that we have not yet 
found the ceiling of creep resistance at these 
temperatures. Creep depends much on “keying” 
obstructions to slip and plastic deformation, and 
not until we understand better the possibilities 
of the stabilization of structural barriers to slip, 
and (equally importantly) the possibilities of 
precipitating and maintaining such barriers at 
higher temperatures, shall we have attained 
reasonably this important goal. And beyond 
that is the possibility of pushing forward to 
higher temperatures and utilizing the higher 
creep strength values of the austenitic steels 
Which possess no such obvious temperature ceil- 
ing of usefulness as the lower critical tempera- 
lure of ferritic steels. 


Another important hypothetical material, 
which seems not impossible of realization, is a 
copper alloy of high conductivity and high 
strength. Cadmium-copper and chromium- 
silicon-copper represent today a considerable 
step forward in that direction, but it would seem 
that the art of precipitation hardening might be 
capable ultimately of producing a copper alloy 
of 100,000 psi. tensile strength and of conductiv- 
itv approaching perhaps 90°7. This would have 
to be a copper in which the precipitation of 
alloying components could be rendered prac- 
tically complete, thus assuring both high con- 
ductivity of a pure copper matrix and high 
strength due to obstruction to plastic flow. The 
value of such a material in high tension trans- 
mission lines is of course obvious. Its unavail- 
ability leads today to the development of 
designs, both in copper and aluminum, in which 
the conducting metals are in one way or another 
associated with high strength steel wire. 

Another hypothetical material of impor- 
tance, whose realization most of us have prob- 
ably speculated about at one time or another, is 
malleable gray cast iron. | mean of course gray 
iron, of which the graphite structure is such as 
to confer some malleability in the cast condition 
without heat treatment. Provided its produc- 
tion were not too involved in character and too 
great in cost, such a material would certainly be 
a welcome addition to the group of our major 
alloy materials. I don’t consider it without the 
bounds of possibility that the many lines of 
research now going on in the control of graphite 
structure in gray iron may before long show us 
the way to such a new material. 


Corrosion Resistance in Salt Water, Strength and 
Toughness Are Combined in These Hooks of “Z~ 
Nickel. a Heat Treatable Alloy Containing 98% Ni 
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I could mention many more such eagerly 
sought new materials. Better permanent mold 
alloys are desired to render the die-casting of 
brass and iron possible. Better non-galling 
materials would be welcomed for high tempera- 
ture valves. In a recent industrial survey by 
“The Research Advisory Service” some 90 spe- 
cific alloy problems of this type were posed, 
solutions of which were considered to have 
capital industrial importance (and some of 
which, it may be remarked, are already reason- 
ably well solved but apparently not yet well 
advertised). 

The many unsolved material problems of 
this type certainly have a tremendous value in 
stimulating metallurgical discovery and inven- 
tion. They originate usually with consumers 
and users of alloys, who supply alloy producers 
with ever-changing competitive goals and objec- 
tives for their effort. In the two decades since 
the first World War, we have witnessed a con- 
sumers’ market in metals and alloys and to that 
fact I feel we owe much of the progress in alloys. 
It has been a market characterized by intense 
competition between materials and by ever- 
increasing volume and quality of metallurgical 
and engineering effort expended on the job of 
matching the supply of alloys to the demand, 
and to the competition offered by non-metallic 
materials. The well organized and large metal- 
lurgical research and service departments of 
producers and users of metals constitute excel- 
lent testimony of this fact. The cost of produc- 
ing metallic products tends to go down with 
technological improvement, but the cost of serv- 
icing these products certainly appears to be on 
the increase! 

New Knowledge of the Structure of Metals 
Will Bring Alloy Engineering Advance — There 
is, finally, another major aspect of our present 
position in alloy metallurgy, which = strongly 
suggests that the future still holds some most 
intriguing and probably major developments. 
In spite of the rapid progress in metallography 
during the past 30 years, we are certainly only 
at the threshold of a really satisfactory under- 
standing of the inner structure of metals. 

We know much about grain structure and 
phase equilibria, we know something of the 
lattice structure of crystals, but of the nature 
of the atomic forces and movements which 
determine the basic characteristics of alloys we 
are only now beginning to have a glimpse. The 
researches and speculation of metallurgists and 
physicists, with the aid of the newer and often 


powerful techniques of X-ray and elec! qi. 
fraction analysis (and possibly now of elec. 
tron microscope), will surely afford | my¢ 
more adequate understanding of struct ire ayy 
of atomic movement than ever before. 

It is hardly a very daring prediction {hy 
this better basic understanding of metals wij) 
permit forward strides of a major character jy 
our ability to manipulate and improve usefy! 
alloy properties. I suggest the possibilities, hoy) 
in control of the properties of alloys as well as 
in their fabrication, which may result from oy 
better understanding and control of ordered 
crystal orientation in alloys; and the possibjli- 
ties of developing enhanced physical properties, 
particularly in the electrical and magnetic fields. 
as a result of our recently enhanced knowledg 
of so-called “ordered” atomic structures. And 
again, there are certainly additional values, ye 
undeveloped, to be secured from better under- 
standing and control of alloy transformations, 
including particularly those effects which floy 
from the controlled arrest of transformations 
at various stages. 

May I suggest also in this connection th 
stimulating value which the recent development 
of so-called “plastics” is bound to have on alloy 
metallurgy. When, as has been recently 
announced, a plastic material of crystallin 
nature can be developed by the chemists, having 
a tensile strength as high as 60,000 psi., together 
with considerable plastic ductility, then, bot! 
from the scientific standpoint and from th 
viewpoint of commercial competition, allo) 
metallurgists must take heed for their wares 

The simple conclusion to which thes 
remarks have pointed is perhaps a trite one 
that notwithstanding what most of us have con- 
sidered to be a very accelerated pace of progress 
in alloy metallurgy in the last 25 vears, we ar 
nevertheless but on the threshold of still mor 
striking and important developments of varied 
character and type. When we consider lov 
urgent is the engineering need fer better allo 
materials, when we note current accomplish 
ment in improving both the performance anc 
the fabrication of alloys, and when finally ™ 
think of the new avenues and _ vistas 
opened to us by physical research and though! 
devoted to the nature of solids, we can sure! 


come to no other conclusion but that ar 
still “on the make” in alloy metallurgy. and 
that most of us will probably live to exper ene 
even greater astonishment over the futur rms 
which progress will take than ever in the g 
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In the Tools and Weapons of Defense 


Like hundreds of other plants, the Ampco foundries are all out for defense. 
Today 98.5% of the output is devoted to defense activities. Ampco Metal 
and Ampco-made bronzes are being used in aircraft, machine tools, ord- 
nance, and other equipment where the sturdy, wear-resistant qualities of 


Ampco alloys are essential. 


For years before the defense program was under way, Ampco was serving 
American industries, helping build the quality for which American products 
are famous. The high tensile strength, controlled hardness, and resistance 
to wear and corrosion of Ampco-made bronzes were early recognized by 


designing engineets as necessary for satisfactory equipment performance. 


Catalog number 22—brand new—shows why Ampco Metal is preferred by defense contractors. 


AMPCO METAL, INC., Department MP-10, Milwaukee, Wis. 


AMPCO FOUNDRIES — plant capacity has been 
doubled, making this the largest foundry in the 
country devoted primarily to the production 
of aluminum bronzes of controlled analyses. 
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the corrosion of 
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Corrosion of alloys of the 
duralumin type consists of 


surface pitting and intercrystal- 
line penetration; which variety 
depends largely on the rate at 
which the material is cooled from 


the solution treatment tempera- 
ture of approximately 950° F. 
Material that has been cooled 
relatively slowly by quenching in 
hot water is mostly corroded at 
the grain boundaries, which 
action may penetrate deeply 
without leaving marked evidence 
on the surface, but be very dam- 
aging to the ductility and 
strength of the material, espe- 
cially of sheets. The same alloy, 
however, if cooled more quickly 


These brand new bulletins carry val- 
uable data on products engineered 
by Moraine from metal powders: 
Durex Iron, Durex Oil-retaining 
Bearings, and Porex Filters. For 
metallurgists, they contain helpful 
new information on physical prop- 
erties, structure, and applications of 
Durex products, For designers, they 


NEW BULLETINS 


ON POWDER METALLURGY 


FOB 


give facts on tolerances, shape and 
size possibilities and limitations, 
For production men, they suggest 
time and money-saving short-cuts in 
processing methods, show how Du- 
rex and Porex parts save materials, 
improve product performance, often 
do jobs never done before. Any or 
all bulletins sent promptly on re- 
quest: Porex Filters: Form 101M, 
Durex Bearings: Form 102P, and 
Durex Iron Parts: Form 103P, 


MORAINE 


in Powder 


MORAINE PRODUCTS DIVISION, GENERAL MOTORS CORPORATION, DAYTON, OHIO 
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by quenching in cold w oy, x 
practically immune to tho inter. 


crystalline type of cor ion 


though its initial tensile -ongty 
and other properties do dif- 
fer essentially from th pro- 
duced by quenching in ho! water 


Any corrosion that occurs is they 
generally of the pittin: type. 

Accelerated corrosio 
are slow and need specimens cyt 
from the article. A_ laborator, 
test has been developed by H. L. 
LoGaN of the National Bureay of 
Standards in which potential! 
measurements predict the type 
of corrosion which may he 
expected. The potential meas- 
ured was the e.m.f. of a cel! 
which a small area (0.8 to 10 
sq.cm.) of the metal surface was 
in contact with a saturated solu- 
tion of potassium chloride, which 
in turn was connected to a stand- 
ard calomel electrode. 

The surface film on the meta! 
tested should be completely 
removed by fine emery, and no 
electrode potential measurements 
were made until at least 6 min. 
after the surface preparation had 
been completed. 

All specimens which gave an 
electrode potential more electro- 

negative than —0.672 volt were 
susceptible to intererystalline 
corrosion, usually severe, and all 
with potentials less electro-nega- 
tive than 0.648 volt were 
immune. A potential of — 0.697 
volt at 25° C. was selected as the 
critical value. Of all the 700 
specimens studied between 59) 
and 90° were correctly classi- 
fied. It is not possible to predic! 
the degree of intererystalline 
attack from potential measure- 
ments, but the prediction of sus- 
ceptibility is much more certain 
for specimens liable to severe 
attack than for those whic! are 
only slightly affected. er 
ence of copper content | the 


alloy was not an apprec ble 
source of error. 

*Abstracted from “Ame in 
Work on the Corrosion of | 1u- 
min” in The Metallurgist, Ju 21 


1941, p. 18. 
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The hor believes that structure and properties of steel are more 
indi. ve of its utility than chemical analysis, and discusses the heat 
trea t (both from a theoretical and a practical standpoint) that 
will e the best properties to low alloy and plain carbon steels 


Getting Maximum Results 


From Carbon and Low Alloy Steels 


THE work which has been done over the 
7 last few years in studying hardenability, 
the transformation of austenite, and the effect 
of special deoxidizers, has given us a new insight 
into the possibilities of heat treated steels. 

We can now approach the problem of 
proper steel selection for a given application, 
at least metallurgically speaking, on a fairly 
firm ground as compared to our position not so 
many years ago. It is possible to fit a hardness 
gradient in a given part to the stresses met in 
service and to balance carbon content, grain size 
and alloy content to insure satisfactory per- 
formance at lowest cost. 

Before a steel of definite analysis and its 
treatment is selected for a certain part we must 
know the conditions under which it operates. 
An intelligent selection cannot be made until 
these conditions are known. Possible internal 
Stresses, the degree of ductility required, the 
importance of machining costs and such factors 
as resistance to abrasion, temperature and shock 
loads, all affect our choice of steel and its treat- 
ment. No metallurgist can make sure his recom- 
mendation is the best until he is familiar with 
the processing and working conditions of the 
part for which he is specifying. 

One of the most important subjects which 
the engineer and metallurgist can consider is 
the stress distribution in the finished heat 
treated piece. This study involves not only the 
esimated stresses caused by extreme service 
‘on tion but also internal stresses incidental to 


heat treatment. 
similar members subjected to torsion and bend- 


In parts such as shafts and 


ing stresses it is quite obvious that the maximum 
stress is concentrated at the surface of the work, 
so that every effort should be made to provide 
a surface which is free from stress raisers or 
decarburization which would lead to low 
strength and low fatigue resistance. If the sur- 
face is subjected to alternate tension and com- 
pression it becomes of primary importance to 
avoid the weakening effects of decarburization 
and poor quenching. Service stresses are gen- 
erally tension and compression, although in a 
few applications we find that compression loads 
are of greatest importance; thus, in gear teeth 
we have the possibility of failure by tension at 
the root of the tooth or by spalling by compres- 
sion loads along the pitch line. 

Where failures occur in shafts or other 
parts due to bending stresses which result in 
fatigue failures starting at the surface, the 
metallurgist often increases the alloy content of 
the part. Since this results in an increase in 
hardness at the center of the shaft he is apt to 
be misled into thinking that the improvement 
was due to that circumstance. As a matter of 
fact, the improvement was probably due to the 


By Harry W. McQuaid 
Assistant Chief Metallurgist 
Republic Steel Corp 
Cleveland, Ohio 
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structures obtained close to the sur- 


jmp! 
nis e shaft by the increase in alloy, and 
prol the same physical results could have 
been ined by an increase in carbon content 
with ful heat treatment without much alloy. 
S -eso many important machine parts are 
most ghly stressed at the very surface, and 
fail hen they do—by breakdown of the 
struct. re at the very surface, it is surprising 
that so very little has been published regarding 
the « ts of various types of quenched struc- 
ture fatigue limits, or on the localization of 
stress It should be superfluous to remark 
that the surface feels the greatest effect of the 


quenching practice and it is quite certain that 
the quenched structure is a very important fac- 
tor in the ability of a hardened steel to with- 
stand alternating stresses. 

Since the surface zone is so often the area 
of high stress it is obvious that there is fre- 
quently very little advantage in using high alloy 
content for higher strength or wear resistance 
because carbon is the essential strengthening 
element after all. It is my experience that equal 
or perhaps better results can be obtained by 
using a lower alloy content with higher carbon, 
or by using a quench severe enough to insure 
homogeneous martensitic structures in the lower 
carbon type. When enough alloy is used in 
parts of ordinary size to obtain the best struc- 
lure in an oil quench, it sometimes happens that 
the part hardens so deeply that the internal 
stresses set up counteract the beneficial effects 
of the improved outer structure. 

The warpage incurred by a severe water 
quench must be corrected by a carefully con- 
trolled hardenability gradient and maximum 
speed of introduction into the quench, but the 
medium carbon steels —even when quenched 
are difficult to quench 
fully if the manganese is on the low side. 


in water or caustic 


Steels for Quenching 


On simple shapes and with special equip- 
ment, “timed” water or caustic quenching of the 
ordinary carbon steel will produce a satisfac- 
tory structure, but the subsequent drawing tem- 
perature will generally be so low that it is 
difficult to avoid high residual stresses. To raise 
this rawing temperature the steel for such 
‘reatments should contain sufficient alloy; this 
woul’ ordinarily require approximately of 
Manconese with smaller percentages of such 
elements as chromium, molybdenum or nickel. 


For large work which must have high physical 
properties throughout, it is of course necessary 
to increase the alloy content to a degree depend- 
ing upon the severity of the quench and the 
depth of hardening desired. 

Steel users are still bound by some of the 
practices necessary in the days before grain 
size and “abnormality” were controlled by the 
steel maker, in that there is a tendency to 
specify lower carbon than is necessary for best 
results, especially with oil quenched steels, 
because of its effect on machinability and warp- 
ing. With the fine-grained types of medium 
carbon steel, however, the carbon usually can 
safely be carried 5 to 10 points higher than 
would be considered satisfactory for a coarse- 
grained steel. The first effect of this higher 
carbon is to improve the “hardenability” of the 
work, and to improve the quenched microstruc- 
tures especially at the surface. In parts where 
the stress is maximum at the surface, especially 
in oil quenched material, a carbon content close 
to eutectoid (if it can be satisfactorily handled) 
will result in surface structures having the best 
combination of strength and ductility at high 
hardness. The beneficial effects of higher car- 
bon are of course offset by internal stresses 
which develop in small or non-uniform sections. 
If the heat treatment allows some austenite to 
be retained, a higher carbon may be a disad- 
vantage because it increases the amount of 
austenite in the surface, but this is a rare occur- 
rence if the work is drawn. 

The tool hardener of yvears ago, who 
quenched his work in water until the “vibration 
stopped” and then transferred it to an oil bath, 
had never heard of the “S” curve, or “harden- 
ability control”, but he was following a heat 
treating procedure which these developments 
indicated to be quite proper. He was trying to 
get maximum hardness and thorough quenching 
without endangering the quenched piece by the 
cracking which occurred when the work reached 
too low a temperature. He knew that the piece 
so treated would have much better properties 
than when treated in the oil alone, and would 
be freer from cracks or high internal stresses 
than if quenched completely in water. 

Most of us who have had experience with 
water quenching know that, if the carbon is 
sufficiently high and the hardenability  suffi- 
ciently great, quenching to room temperature 
will often result in such high internal stresses 
that the piece will be excessively distorted and 
perhaps actually cracked. On the other hand, 
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Fig. 1 — Front Axle Slides Out of Furnace Into Quenching Machine, Held Tightly in Fixture, 


Immersed in Caustic for Timed Interval, 


Delivered Still Warm at Rear, and Pushed 


Immediately Into Drawing Chamber, Below the Quenching Hearth. Courtesy Ford Motor Co. 


“timed” water quenching, if it can be properly 
worked out, will usually produce a_ structure 
which is definitely superior to the slower oil 
quenched structure, even in many steels which 
would produce the desired hardness in oil. 
Experience has shown that if the work is non- 
uniform or small in section it is difficult to get 
it out of the water quench and into the oil with 
any uniformity of results. “Timed quenching” 
therefore, is most adaptable to sections of simple 
shape and large production which would per- 
mit automatic handling and timing. As an 
alternative to transferring the work from water 
to oil it may be transferred to a hot salt bath at 
300° F. until uniform in temperature and then 
placed in the draw furnace or cooled in air. 

A specific case can be profitably studied: 
The old style Ford truck axleshaft of S.A.E. 1040 
grade, quenched in a 10° sodium hydroxide 
solution for 27 to 314 sec. and then transferred 
directly to the drawing furnace, becomes a 
machine part with properties apparently equiva- 
lent to oil quenched shafts of high alloy content. 
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This cycle was developed to obtain a scale-fre: 
quench and a shaft of satisfactory properties. 
free from quenching cracks or soft areas. Th 
design was such that this shaft was very sensi- 
tive to quenching cracks and a longer time tha! 
34 sec. in the quench caused cracks in th 
integral gear blank forged on one end. In fac, 
if the steel were just a little too high in harden 
ability it became very difficult to prevent thes: 
cracks. However more than a million parts 
must have been made by this particular method 


in the last 15 years, indicating that the hea 
treating procedure has been very satisfactory 

Most heat treating equipment today is base 
on the supposition that a water quench requires 
only an open tank of water, and an oil (uence! 
a similar tank filled with oil. Not many hea 
treating departments have given much | ugl 
to bringing the water in contact with sur- 
faces to be quenched so as to eliminate sea! 
formation. In a few cases jets and vio) )t or 
culation are used and occasionally the ve 
tages of the caustic quench are realiz Ph 
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e of proper quenching in obtaining 


npo! 

prt that give maximum properties, as 
well | specified hardness reading, is not 
near! well recognized as it should be. With 
oil q ching, the problem is even greater. 
Since or oil quenching generally results in 
raisin. ‘he alloy content of the steel and hence 
more -.pense we should give much thought to 
the adc juate jets and circulation in the oil. 


In oil quenched parts (and also in water 


quenclied parts of any mass) there is consider- 
able difference in the cooling rates at the sur- 
face and at the center of the work. The surface 


ina water quench cools to the bath temperature 
almost immediately if circulation is sufficiently 
vigorous to remove instantly any steam formed 
at the surface. In an oil quench the surface 
cools much less rapidly since it is extremely 
dificult to remove vaporized decomposition 
products of the oil in contact with the hot steel. 
It is for this reason that much more vigorous 
action is required in an oil bath to achieve 
maximum quenching speed. It is difficult to 
obtain a homogeneous martensitic structure in 
steels in the low alloy, medium carbon range. 
Nearly always such oil quenched steels contain 
some ferrite or transition products in the grain 
boundaries, so that the water quenching will 
definitely improve their properties at or near 
the surface — providing care is taken to avoid 
loo fast a cooling in the high stress range, that 
is. below 300° F, 


Water Quenching of Alloy Steels 


While water quenching of alloy steels is 
uncommon, it has considerable merit where it 
can be applied. Its use of course is limited by 
excessive austenite formation, by warpage, and 
by high internal stresses due to thermal shock. 
All these troubles can of course be eliminated 
by time quenching in water and transferring to 
a draw furnace, a hot salt bath, or, in some 
eases, even to an oil bath. It is not recom- 
mended, however, that such treatments be tried 
except in special circumstances, such as quench- 
ing large alloy steel shafts (especially if the 
carbon content is low). Sometimes such a pro- 
cedure has resulted in a very definite improve- 
ment over an oil quench. 

‘he determination of the time in the water 
‘{teneh would either be done by trial or by a 
‘tudy of the Jomm~y hardenability curve or of 
some other hardenability test. It is only neces- 
“ary to get the work cooled sufficiently fast to 


Table I— Effect of Special Alloy Addition 
on Properties of S.A.E. T-1340 Steel 


ANALYSIS No With 
ADDITION ADDITION 

Carbon 0.36% 0.39% 

Manganese 1.68% 1.73% 

Nickel 0.04% 0.04% 

Chromium 0.10% 0.10% 


Physical Properties 
After 1550° F. Oil Quench, 450° Draw 


Tensile strength | 233,000 psi. | 263,000 psi. 


Yield point 218,000 psi. | 247,000 psi. 
Elongation in 2 in. 7.0% 12.2% 
Reduction of area | 28.0% 49.9% 
Izod impact | 11.5 ft-lb. 18.0 ft-lb. 


insure transformation to a uniform martensitic 
structure, which means a fast cool approxi- 
mately half way down to room temperature. 
The time required for transformation can be 
determined from the hardenability curve with- 
out much difficulty providing the section is 
uniform, but not so easily in work having a very 


non-uniform section. 


Traces of Rarer Elements 
Develop Great Hardenability 


There have been developed some special 
alloy additions to medium carbon steels which 
make it possible to obtain some remarkable 
combinations of ductility and strength at high 
hardness. These alloys are combinations of 
vanadium, titanium, boron, aluminum, and per- 
haps others, which, when added in relatively 
minute amounts, increase greatly the depth of 
the hardness obtained on quenching. They are 
usually added in the ladle or the mold to steels 
which have been already finished according to 
standard melting practice. Table | shows some 
of the properties which have been obtained with 
such an addition to the straight manganese type. 

As another example, the treatment of an 
S.A.E. 1040 steel with approximately 1 Ib. of 
dehydrated borax per ton results in a boron 
content of approximately 0.003. When nor- 
malized in 1 in. squares at 1600° F., turned to 
0.530 in. round, quenched in oil from 1550° F., 
and drawn at 450° F. the following remarkable 
properties were developed in standard 0.505-in. 


tensile tests: NorMAL STeet Borax TREATED 


Tensile strength 129,000 psi. 255,000 psi. 
Elongation in 2 in. 19% 11% 
Reduction of area 63% 13% 
Rockwell hardness C-25 C-50 


Text continued on page 458) 
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Mei od for Identification of Inclusions in Iron and Steel 


Originated by Wm. Campbell and G. F. Comstock (Proc. A.S.T.M., Vol. 23, p. 521) and 
Modified by C. R. Wohrman, Merrill Scheil and Miss M. Baeyertz 


Polish Specimen Carefully so as to Preserve Inclusions and Project Magnified 
/mage on Ground Glass by Arc or Equally White Light Without Color Screen 


| Gray or Black Inclusions 


10sec. with 103% nitric acid in alcoho’ | 


y 
| Inclusions of Warm Co/ors | 


Etch lOmin. with boiling }------- Attacked 
a/kaline sodium picrate IRON SULPHIDE 


y 
| Unattacked | | (pale yelowish) 


Etch 10min. in 20% A 
10 : Removes 
Strongly Attacked Unettacked OF ZIRCONIUM NITRIDE 
SMPOUND from tch 5min. with 10% chromic acid in water lyeliow cubes) and 
~ mold wash (rere) 1 cerefu/ to observe that the polished Unattacked Inclusions | | ZIRCONIUM SULPHIDE 
' surface is wetted by the solution) in high chromium stee/s [tan crystals) 
H 
Weekly Attacked (slightly pitted or darkened) | [Etch Smin.in boiling 10% lightly repolish”} 
COMPOUND OXIDE: /a/ either FeO with FeS in solution | | i x 
ssually accompanied by FeQ-FeS EUTECTIC/,or | } Unattacked Attacked 
b/ Fe0+Mn0 and other OXIDES in solution ; CHROMIUM OXIDE (purplish gray by reflected CHROMITE 
Note’: Octeheore/ crystals ere probably MAGNETITE. light, bright green by transmitted hight} Cre0z*Fe0, 
Note Both (e/and will be darkened further by 20sec.\ | TITANIUM NITRIDE (ye/iow cubes) tropic; red to 
sulohur printing (2%+SQ, in water) end oestroyed | } TITANIUM CYANO-NITRIDE (pinkish; strongly brown by trans- 
by etching with stannous Chloride es indicated below ' angular, easily pitted in polishing) mted ght 
Attacked Unettacked 
FeS-MnS, rich in MnS. Note. Reaction not always decisive. Note color: (1) Very faint pele gray,(2/ Medium or dark grey 
Any unettacked FeS-Mn§ wil/ be bieckened by next treatment and etch §min. with boiling e/keline sodium picrete 
| 
Co npletely Blackened Poertly Attacked Unettacked 
eS-MnS,MnS below 50% OXIDE rich in MnO (wil! be (or pertly attacked in previo 
<7 FeS-MnS ,MnS above 50% or Jestrayed by stannous chiorige, etch 10 min. witha satureted solution of 
OXIDE very rich in MnO (b) SILICATE with some Mn0 /wil/ be stannous chloride inaicoho!l 
*£efer to color before etch destroyed by hyorofluoric / 
' 
i 
Attacked Unettaecked 
lor previously pitted) etch 1Omin. with 20! 
IRON OXIDE or(if previously pitted) COMPOUND OXIDE of 
Attacked Unattacked 
SILICATE (if previously pitted presence of Mn is indicated / Repolish and note color and form 
If fine perticles,very dark color, difficult topolish without /f color not especially dark, easily 
pitting end not elongated by hot work is ALUMINA polished smooth without pitting 
H 
Fairly large angular fragments, showing chengesble bright Small angular particles, bluish in color probabil 
spots as focus i§ changed,ere SAND GRAINS (in stee/castings)| | TITANIUM OXIDE (in titanium treeted steels, 


* Note: Suitable only 
for stainless stee/s 


Supplementary Tests with clean (unoxidized) 


Jr ell instances check determinations in the light of the evidence of e 


SUTTACES 


cerefu/ chemice/ enelysis, end, whenever possible, by other methods, such as: 


Sulphur Printing 
20 sec. using 6 2% aqueous solution of HeSOQ, 
_ (1) Dissolves olf FeS-MnS inclusions 
Partly dissolves [pits] FeO conteining FeS and 
OXIDES of other mets/s in solution 
leaves unchanged: IRON SULPHIDE yellow), 
RON OXIDE (medium gray), SILICATES (derk grey) 


Matweieff§ Tests 

[e) Dilute tartaric acid does not attack OXIDES or SILICATES, 
but colors MnS /ightiy end FeS oecided!; 

(b/) heat semple in hydrogen at 1600%., OXIDES are reauced 

[c) Repolish[b), etch with dilute Fells in elcoho/; if reduced 

oxide perticies ere colored deeply they contain some Mn 


Roh’s Test for Sulphides 
Short etch with 1% picric acid in alcohol, then temper to dark yellow. — 
FeS turns oerk blue to reddish violet, end Mn§ turns dul/ grey to bright white. 
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It is not at all unusual, when treating the 
medium carbon low alloy types of steel with 
these potent alloy combinations, to show a Bri- 
nell hardness of 500 or more when oil quenched 
in relatively small sections which develop tensile 
strength exceeding 250,000 psi. in combination 
with a 50% reduction of area. 

It is interesting to note that the latter addi- 
tion is apparently only slightly effective in eutec- 
toid compositions — that is, where you do not 
have present any boundaries of free ferrite in 
the slowly cooled steel. The addition also 
decreases in importance as the carbon drops 
below 0.30% and as the draw temperature 
increases above 1000° F., so that it is primarily 
useful for medium carbon steels. A_ specific 
example for T-1340 steel is given in Table I. 

Several of these potent alloy combinations 
are now available and enough tests have been 
made of various steel analyses, to which they 
have been added in the ladle, so that we 
can state definitely that they are extremely 
powerful in improving the hardenability. This 
is true not only of the alloy steels but also the 
plain carbon steels. The results of fatigue test- 
ing especially are surprising for water quenched 
parts. It is quite certain that the knowledge we 
have gained will be helpful in building up prop- 
erties in the low alloy steels (and perhaps in 
the carbon steels) which at the present time 
would seem somewhat fantastic. Table I and 


Rockwell "C* Haraness 


60 

50 

Alloy Treated 
 Utreatod 

+ + + + 
| T | + + + | + 
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O 4 Vo 1 1% Ie 1842 2% 2h 2% 3 
Distance from Water Quenched End, In 
Fig. 2 — Curves Determined by Jominy End- 
Quench Hardenability Test Showing the Increased 
Depth of Hardening of S.A. T-1335 After 
Ladle Treatment With Special Alloy Combination 


Fig. 2 show the effect of these speci Hoy 
additions on the physical properties the 
hardenability of the quenched part as co ared 


to ordinary steel. 

It is believed that such special alloy adqj- 
tions will find their widest application iy the 
low alloy, medium carbon steels which are to he 
oil quenched. As mentioned above, they are 
apparently most effective in carbon ranges from 
0.20 to 0.45%. This might be due to the fact 
that in this range any boundary ferrite remaip- 
ing in the quenched and drawn structure js 
most effective in reducing ductility. (It is pos- 
sible that, by balancing the carbon, the alloy 
content and the quenching speed, similar results 
can be approached without recourse to the 
special additions.) 
effective only when used in conjunction with 
certain melting practices, and the steel making 
practice and alloy addition must be correctly 
related. The alloy additions are at present, at 
least, expensive enough to increase the cost of 


These additions are most 


the steel appreciably, and consideration mus! 
be given to this side of the picture. 

How widespread this development wil 
become depends on the progress that is mad 
in bringing our heat treating practice and stee! 
selection up to the point where we are applying 
fully in practice the knowledge we have devel- 
oped in our hardenability and transformation 
studies. I believe that many of our standard 
grades are not processed now to develop their 
heat treated properties to the full extent. 


Free Ferrite at Grain Boundaries 


So far as I have been able to determine, the 
primary reason for these interesting results lies 
in the fact that the combination which will pro- 
duce the maximum ductility at high hardness 
is one in which the structure, be it tempered or 
untempered martensite, is uniformly free from 
boundary transformation products — especially 
ferrite. Thus, it is my opinion that for maxt- 
mum properties at high hardness we should 
heat long and high enough for a high degree of 
chemical uniformity in the austenitic solid solu- 
tion, and then quench fast enough so that excess 
ferrite does not have time enough to migrate 
and mass along the prior austenite grain hound: 
aries. This means that the heating and quench- 


ing process should be worked out in prac to 
insure a quenched structure particular!) ‘re 
y 
from any trace of boundary ferrite. Any a")? 


(Continued on page 462) 
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Experience of Years 


STORED UP 


in Helpful Literature... 


The pressing demands of the defense 
program call for the employment of 
every skill and facility at the disposal 
of the metal working industries. 


Among the resources available is 


in the solution of problems involving 
the use of Nickel and its alloys. 

This experience has been distilled 
into helpful literature which deals 
with the selection, fabrication and 
uses of these materials. This printed 
matter is yours for the asking. You 
are also offered the assistance of our 
technical staff in solving problems 
of material arising from the tempo- 
rary lack of Nickel. 

Your inquiries addressed to the 
Company either for literature or 
personal consultation will receive 
prompt attention. 
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isteels Classified by Wear-Toughness Ratio 
By Harold B. Chambers (See Metal Progress, June 1940, for Its Use as a Tool Selector) 
: e three groups arranged in order of increasing toughness small to negligible, the many brands covered by each 
anal sing wear resistance. Figures indicated as max. are class may be expected to give competitive performance 
re nd may be present up to amount noted. Since the dif- except when highly standardized operating conditions 
re! relative wear-toughness capacities of adjacent classes is require that consideration be given to the footnotes 
sass C rIONAL TYPE NAMES CARBON MANGANESE SILICON TUNGSTEN CHROMIUM VANADIUM — COBALT NICKEI NOTES 
Water Hardening Steels 
OT finishing 1.25-1.50 0.15-0.35 0.15-0.50 2.50- 6.00 1.80 max. 030max. 0.50 max A,B,C 
‘BC earbon-vanadium 1.30-1.45  0.15-0.35 0.15-0.35 0.35 max. 0.30 max A.C 
Hi rbon, low tungsten 1.10-1.30 0.15-035 0.15-0.35 1.00- 2.50 0.35 max. 0.30 max A.B 
Lol romium or 1.10-1.30  0.15-0.35 0.15-0.35 0.10- 1.20 0.30 max A.C 
ne-vanadium 
9c Ca orearbon-vanadium 1.10-1.30 0.15-0.35  0.15-0.35 0.30 max A 
4 Hig irbon, low tungsten 0.90-1.10 | 0.15-0.35  0.15-0.35  1.00- 2.50 0.75 max. 0.30 max A,B,C 
2B Low chromium or 0.90-1.10 0.15-0.35 0.15-0.35 0.10- 1.50 0.30 max A.C 
me-vanadium 
3c Ca orcarbon-vanadium 0.90-1.10 0.15-0.35 0.15-0.50 0.50 max A,D 
Chrome-molybdenum or 0.55-0.90 | 0.15-0.35  0.15-0.35 0.40- 1.20 0.35 max. 0.25 max 0.50 max. A,C 
4A 
chrome-vanadium 
4B Carbonorcarbon-vanadium 0.70-0.90 0.15-0.35 0.15-0.35 0.30 max. A 
Silico-manganese or 0.45-0.75 0.35-1.00 | 0.75-2.25 0.60max. 035 max. 0.60 max AE 
silico-molybdenum 
Oil Hardening and Air Hardening Steels (Tools of Intricate Design) 
a 
54 Highcarbon,highchromium 1.80-2.50 0.15-1.20 0.15-1.00 2.00 max. | 10.50-14.00 1.25max. 030max. 100 max 1.00 max. A,F,G 
5B Highcarbon,highchromium 1.80-2.40 0.15-0.60  0.15-0.50 10.50-14.00 1.20 max. 0.70- 1.00 0940 max A.F.G 
Highcarbon,highchromium  1.30-1.70 | 0.15-0.60 0.15-0.50 10.50-14.00 1.20max. 0.50- 125 400max. 100max. A.F.G 
5D Highcarbon,highchromium§ 1.10-1.40 | 0.15-1.20 0.15-1.10 5.00-13.00 0.75 max. 0.70- 1.50 0.60 max. AF.G 
6A Chrome-molybdenum 1.10-1.30 0.35-0.95 0.15-0.35 0.40- 1.75 0.25- 0.75 AE 
6B High carbon, low tungsten’ 1.10-130 0.15-0.70 0.15-0.35 1.00- 2.50 0.35- 1.25 0.30 max. A,B,C 
6C Low chromium or 1.10-1.30 0.35-0.70 0.15-0.35 0.40- 1.50 0.30 max. A,C 
chrome-vanadium 
7A Cr-Mo, Mn-Cr, or Mn-Mo 0.90-1.10 0.35-3.00 0.15-1.00 0.80- 5.50 0.50max. 0.80-1.75 AE 
non-deforming 
7B Chromium non-deforming 0.90-1.10 0.35-1.10 0.15-0.50 1.10max. 0.90- 1.60 030max. 0.50 max. AE 
7C Manganese non-deforming 0.80-1.10 | 0.85-1.80 0.15-0.50 0.70max. 0.90max. 0.30max. 0.35 max. AE 
8A Low tungsten-chromium 0.40-0.65 0.15-0.35 0.15-1.50 0.75- 3.00 0.50- 2.00 0.50 max.) 0.35 max. 1.50 max. | A,E 
8B Chrome-nickel or chrome- 0.50-0.80 0.35-0.90 0.15-0.35 0.50- 1.25 030max. 0.80 max. 100-250 AE 
nickel-molybdenum 
8C Chrome-molybdenum, 0.50-0.90 0.35-090 0.15-0.50 1.20 max. 0.35 max. 0.40 max. 0.50 max. | A.E 
chrome-vanadium, or 
manganese-molybdenum 
8D Silico-molybdenum 0.45-0.60 0.35-1.25 0.75-2.25 0.50max. 0.75 max. 0.60max. 0.15- 2.20 A.E 
High Speed (H.S.) Steels and Hot Work (H.W.) Steels (Tools Which Heat Up) 
9A Tungsten-cobalt high speed 0.70-0.90 0.15-0.35 0.15-0.35 18.00-23.00 3.50- 4.75 1.25-3.00 125max. 9.00-15.00 A,G.H 
9B Tungsten-cobalt high speed 0.65-0.90 0.15-0.35 0.15-0.35 17.00-21.00 3.50- 4.75 1.00-2.50 125 max. 5.00- 9.00 A.G.H 
9C Tungsten-cobalt high speed 0.65-0.80 0.15-0.35 | 0.15-0.35 17.00-20.00 3.50- 4.75 0.75-1.50 1.00max. 200- 5.00 A,G.H 
9D Tungsten-cobalt high speed 0.65-0.85 0.15-0.35  0.15-0.35 12.00-15.00) 3.50- 4.75 1.25-2.25 0.75 max. 3.00- 8.00 
9E* Molybdenum-cobalt H.S. 0.75-0.90 0.15-0.35 0.15-0.35 650 max.) 3.50- 4.75 1.00-2.50 6.00-10.00 200- 9.00 A,G.H 
10A 18-4-4and 18-4-3 high speed 0.90-1.30 0.15-0.35 0.15-0.50 17.00-19.00 3.50- 4.75 2.50-4.25 1.00 max. A.H 
0B 18-4-2 high speed 0.75-0.90 0.15-0.35 0.15-0.50 17.00-19.00 3.50- 4.75 1.50-2.50 1.00 max. AH 
18-4-1 high speed 0.55-0.80 0.15-035 0.15-0.75 16.00-21.00 3.50- 4.75 0.50-1.50 AH 
0D 14-4-2and14-4-1 high speed 0.55-0.80 0.15-0.35 0.15-0.35 13.00-15.00 3.50- 4.75 0.75-2.25 
Mo-W or Mo-V high speed 0.65-1.30 0.15-0.35  0.15-0.50 6.50max. 3.50- 4.75 0.75-4.25 3.50- 9.50 A.H 
ILA Low carbon high speed 0.45-0.60 0.15-0.35 0.15-0.35 16.00-19.00 3.00- 4.50 0.50-1.25 AH,I 
1B High tungsten hot work 0.25-0.60 0.15-0.35  0.15-0.35 12.00-16.00 2.50- 4.50 0.30-0.75 2.50 max 3.00 max. | A,H,I 
Tungsten hot work 0.25-0.50 0.15-035 0.15-0.35  8.00-12.00 1.25- 3.50 0.60max. 1.00max. 200max. 2.25 max. | A,H.I 
1D Mo, or Mo-W hot work 0.30-0.65 0.15-0.35 0.15-1.75 3.00max. 2.00- 5.50 0.30-1.25 2.50 -9.00 1.75 max. A.H,I 
NE Tungsten-chromium H.W. 0.30-0.60 0.15-0.75 0.35-1.75 4.00- 7.50 4.50- 750 060max. 1.00max. 060max. 050max. A,H,I 
‘2A Chrome-molybdenum H.W. 0.30-0.50 0.15-1.25  0.80-1.10 1.50max. 4.00- 7.50 0.50max. 0.45- 1.75 060max. 1.75max. 
12B 0.35-0.65 0.15-0.80 0.15-1.10 1.50- 4.25 0.75- 3.50 0.50max. 0.60 max 1.50 max. AH 
Chrome-molybdenum H.W. 0.30-1.00 0.15-0.75  0.15-0.75 1.00 max. 2.25- 4.50 1.00max. 1.00 max 0.50 max. AH 
m or chromium hot work 
12D Cr-N or 0.25-060 0.15-1.00 0.15-0.35 0.50- 2.50 030max. 1.00 max 1.25-5.00 AH 
not work 
\. Wear resistance increases and toughness decreases as carbon con- G. Red hardness properties increase and toughness de- 
P tent increases. creases as cobalt content increases. 
5. Wear resistance increases and toughness decreases as tungsten H. Red hardness properties increase and toughness de- 
ent increases creases as total alloy content increases 
C. Hard nability increases, wear resistance increases, toughness de- I. Water cooling surface in operation, particularly when 
' eS, Movement in hardening decreases, and tendency for intermittent, tends to promote heat checking approxi- 
pots in hardening decreases as chromium increases. mately in proportion to tungsten and/or molybdenum 
So pecial applications (silverware striking dies, certain header content 
etc.) may occasionally require extra penetration of hard- *Not divided into classes. The relative position of a 
which may be produced by adjusting manganese and sili- specific molybdenum steel is just below its tungsten steel 
FE. Ha ——'. counterpart. The tungsten counterpart is indicated by add- 
a ibility increases, wear resistance increases and toughness ing twice the molybdenum content to the tungsten in a 
F. Ma many FJ total alloy content increases molybdenum steel having 0.05-0.10% higher carbon than the 
ma ing difficulties increase as total alloy content increases tungsten steel. 
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to obtain the maximum combination of proper- 
ties in heat treated (that is, quenched and 
drawn) steel must be based upon a fully hard- 
ened structure as quenched, and therefore the 
analysis, hardenability and equipment must be 
adjusted to produce this type of structure. 

Wherever the microstructure combines 
martensitic grains or tempered martensitic 
grains with ferrite boundaries we will find that, 
when the specimen is subjected to tension, the 
stress will tend to be thrown by the stiff unyield- 
ing grains into the softer ferrite boundaries and 
there concentrated. While relatively very duc- 
tile, the ferrite has a low strength; the stress 
concentrations reduce greatly the overall ductil- 
ity of the piece being tested. If the structure is 
homogeneous the stress will 
be more evenly distributed 
throughout the entire length 
and width of the test piece 
and the reduction of area 
will be a maximum. 

The question of homo- 
geneity in the microstructure 
is, of course, tied up with 
the time and temperature of 
the heating cycle as well 
as the grain size and carbon 
content. “Homogeneous mar- 
tensite” implies that sufti- 
cient time and temperature 
has been given to permit car- 
bon to diffuse throughout the 
ferrite boundaries in the 
the annealed or as-rolled 
hypo-eutectoid steels, and 
this means not only the 
boundaries of the austenitic 
grain but also those much 
larger grain boundaries 
which mark the original 
dendritic crystals in the 
ingot. It has been demonstrated that such 
boundaries exist in practically all fine-grained 
hypo-eutectoid steels and they can be revealed 
by slowly etching the quenched and drawn 
structure (if the time and temperature of the 
heating cycle has been insufficient to insure 
complete diffusion of the carbon across such 
boundaries). 

According to McBrine, Herry and MEHL, in 
their paper in Transactions @ Vol. 24 (1936) 
p. 281, entitled “The Effect of Deoxidation on 
the Rate of Formation of Ferrite in Commercial 
Steels”, the deoxidation method for openhearth 


Fig. 3 — Martensite at 750 Diam- 
eters, Free From Boundary Ferrite. 
S.A.E. X-1020 plus 0.25% 
chromium, quenched in water 


steel has a direct effect on the tendency rm 


pro-eutectoid ferrite on cooling below | rit- 
ical range. The rate of precipitation of rite 
in austenite on cooling varies with the dec +e of 


undercool and the deoxidation practice. [hj 
variation is more marked in silicon killed <{ee|. 
than in aluminum killed steels, and, aceording 
to these investigators, the reason is no! st 
At low degrees of undercool the rate of ferrite 
precipitation is greater in aluminum killed 
steels than in silicon killed, while at greatey 
degrees of undercool the reverse is true. 

Thus, the type of deoxidation practice might 
affect the tendency to produce a martensite 
with boundary ferrite, and the amount of pro- 
eutectoid ferrite might be less in the aluminum 
killed types of steel after 
quenching. 

While it may follow that 
the best combination of due- 
tility and strength at high 
hardness is obtained by start- 
ing with the most homoge- 
neous austenite, transformed 
into the most homogeneous 
martensite free from transi- 
tion microstructures, i! 
should also follow that the 
best combination at lower 
hardnesses would be obtained 
by tempering this martensite 
to produce uniformly fine 
sorbitic structures free from 
boundary ferrite. This, of 
course, is true — providing 
the homogeneous martensitic 
structure is free from high 
internal stresses and rup- 
tures which occur when 
cooling is continued to tem- 
peratures much below 300" F. 


Use of **S”’ Curves 


It is apparent that if we are to cool the 
heated work so as to obtain a completely homo- 
geneous martensitic structure throughout i! will 
be necessary to know — for any given picce of 
steel — the time available before trans! orma- 
tion starts at any temperature. This w! 
with analysis and grain size, and the st! res 


which will be obtained from a given sect an 
be easily determined by a few quenching Ti- 
ments. The cooling curves of various se PS 
can be determined in the usual manne: nd 
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on the same chart as a curve showing 
th e required for the transformation to 
any given temperature. Such curves 


h; een very carefully worked out (two of 
th e given in detail on pages 516 and 517 
of issue). 


e of the most informative contributions 


in nt years to our study of steel has been 


the sinal development of these “S” curves 
by iy and Davenport (“Transformation of 
Au ‘ite at Constant Sub-Critical Tempera- 
tures.” Transactions A.1.M.E., 1930). Their 
studies have clarified the time-temperature 


effects at various rates of cooling on steels of 


Fig. 4—Fastest cooling rate 


obtained on quenching hypo-eutectoid steels 
from within the critical range on heating will 
result in poor ductility. That a similar type of 
structure, obtained by relatively slow cooling 
during quenching (hrough the range of tempera- 
ture where the austenite and ferrite are both 
stable, is also conducive to lowered ductility has 
not been so well known. When this fact is bet- 
ter appreciated, much more attention will be 
given to avoiding pro-eutectoid ferrite at the 
grain boundaries of quenched and drawn work. 

The “S” curve is similar, in a general way, 
for most of the engineering types of alloy steels 
in that the transformation from the gamma 


Fig. 5—Slower cool; some ferrite Fig. 6—Slowest; ferrite network 


Microstructures Showing Increasing Amounts of Boundary Ferrite, All at 1000 Diameters 


various compositions. The “S” curve provides 
us with a means of knowing the time and tem- 
perature at which a given steel will start to 
transform when cooling and the structures 
which would be obtained if complete trans- 
formation were permitted at any given tem- 
perature, 

A great deal has been written about the 
decomposition of austenite, and very elaborate 
and complete studies have been made of the 
products of this decomposition. However, until 
the development of the “S” curves there was 
little published about the actual beginning of 
the austenite > ferrite transformation. Even 
less has been published on the effect of undis- 
solved ferrite on the properties of the quenched 
anc drawn work. It is quite commonly assumed 
tha’ the mixture of martensite and ferrite 


to the alpha phase occurs most quickly at a 
temperature of approximately 1000° F. and 
results in fine pearlite. At temperatures above 
or below this point the time required for the 
transformation to start is greatly increased. 
Thus, we find that at approximately 1000° F. 
the upper bend of the “S” curve denoting “begin- 
ning of transformation” approaches the line of 
zero time most closely, so that a “neck” or 
“gate” is set up which limits the time available 
in which the piece can be cooled past that tem- 
perature without transformation to fine pearlite. 
This is of course necessary if a 100° martensitic 
structure is desired. 

In general, the effect of alloy addition is to 
widen this “gate” so that longer (slower) cool- 
ing times are possible. For instance, the curve 
on page 516 shows that a 0.78 carbon steel 
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cooled to 950° F. in 1 sec. in order to 
pient transformation into fine pearlite 
troostite), whereas the “S” curve for 
10 (page 517) shows that austenite is 
com ly retained if the hot homogeneous 
cooled past 900° F. in 2% sec. It is 


steel 2 
neces ry therefore that if we are to have a 
com] ‘ly martensitic structure, there will have 
i» be » balance between the alloy content and 
the 1 of cooling. (Carbon is also very effec- 
tive increasing the time available in getting 


throuch the “gate”, so that from the viewpoint 
of improved quenched structures the higher car- 
bon steels are desirable.) 

It is of course obvious that it is possible to 
arrive at the same time-temperature point on 
the “S” curve by various routes, one of which 
might be by a moderate but fairly uniform rate 
to say 600° F., and another by an extremely 
rapid rate of cooling to 600° F, and then holding 
al this temperature until the curve of slow cool- 
ing is intercepted. The structures obtained by 
these two methods of cooling will differ 
markedly. 

The slower cooled piece will have some fer- 
rite in the grain boundaries which, as mentioned 
above, serves to localize an applied stress and 
hence reduce the ductility as usually measured. 
The structure from the faster cool will consist 
of a uniform martensitic (acicular) structure 
free from the soft ferrite boundaries and hence 
will have a greater ability to distribute any 
applied stress equally. We should consider 
very carefully the effect of boundary ferrite 
(soft substance) especially when interspersed 
throughout grains of hard and unyielding mar- 
lensite. Under such conditions the ferrite is not 
much better than an inclusion and, while rela- 
lively very ductile, its extremely low tensile 
strength prevents any beneficial effect from this 
ductility except perhaps under compression. 

The “S” curve for an alloy steel — for in- 
stance S.A.E. 4140 on page 517 — shows a region 
where ferrite is the first product of decomposi- 
tion of austenite, and if we plot the surface 
cooling curves for oil quenched parts of any 
*ppreciable size we will find that they pass 
through this area to a degree depending upon 
the size of the piece. In fact, it is difficult in 
many designs to avoid this unless a very con- 
siderable amount of alloy is added to the steel 
or a water quench is employed. This region is 
dependent to a large degree upon the carbon 
“onter! and disappears entirely in a steel of 
id composition. 


It is worthy of repetition that the combina- 
tion of martensite and ferrite is a particularly 
poor one from the standpoint of ductility, 
whether it is developed by slow cooling or insuf- 
ficient soaking time at the quenching heat. 

The maximum effect of ferrite in the bound- 
aries of a quenched steel on the ductility occurs 
when it is in combination with fully hardened 
martensitic grains. Here we have a mixture of 
grains of high hardness and strength combined 
with relatively thin boundaries which are weak 
and ductile. If the austenite grains had time at 
1000° F. and above to transform to fine pearlite 
instead of martensite the effect of the ferrite in 
the boundaries would be greatly reduced, per- 
haps because of the manner in which the bound- 
ary ferrite and interlamellar ferrite divide the 
applied stresses. 


Influence of Alloys in Steel 


It must be remembered that the “S” curves 
represent transformations at constant tempera- 
ture levels. Messrs. GRANGE and Kierer have 
demonstrated (Transactions @ March 1941, 
page 85) that the effect of temperature changes 
along an actual cooling curve during quenching 
would be to lower the temperature and increase 
the time at which transformation would start, 
so that the practical tendency is to produce a 
martensitic structure with more ferrite than 
would be anticipated by the curves of isother- 
mal transformation. (See Fig. 9, page 467.) 

A comparison of Fig. 7 representative of 
the nickel and manganese steels and Fig. 8 
representative of the chromium, chromium- 
vanadium and chromium-molybdenum types 
(page 466) indicates regions of stability of fer- 
rite above 1000° F. and reveals that the possibil- 
ity of obtaining a martensite-ferrite structure is 
greater with the chromium steels. At time- 
temperature combinations corresponding to 
ordinary oil quenched parts of normal size, we 
find that the cooling curve at 1000° F. passes 
through the zone of maximum tendency to pro- 
duce martensite-ferrite structure in the chro- 
mium steels. In the nickel and manganese types 
the tendency to form ferrite under the same 
condition is much less — the curves represent- 
ing “beginning of ferrite precipitation” and 
“appearance of lamellar structure” are rapidly 
approaching each other—so the chances that 
no pro-eutectoid ferrite will appear in the 
boundaries should therefore improve. This is 
true even though the time available to obtain 
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Temperature 


oF 
1400 
1200 }- 
600 
| Begins 500 
| | 
<Acicular | | | 
| C 0.35 | 
200 =e Mn | | | 100 
| Brine Quench | | Zand 2 | || || | 
C59 1 Min 30 Min 1 Day 
057 10 100 1000 "Hour 100000 


Fig. 


Curves of Isothermal Tran ‘ormg. 


.A.E. T-1335, Taken Fror F. 


tion for Steel 
Davenport's Campbell Memorial Lecture 1939 
This is typical of the manganese and the nici. ! steel, 


molybdenum. It follows that, when oj 
quenched, manganese, nickel and 
denum alloy steels at high hardness should 
give better combinations of ductility 


strength than the chromium or 


and 
Vanadium 
types. 

The structure in a given hypo-eutee- 
toid steel (S.A.E. 4340 —1.8°% Ni, 08 
Cr, 0.33% Mo) formed on cooling from 
above the critical range is noted at the 
bottom of Fig. 9 and can be divided into 
three principal types. These are (a) mar- 
tensite, (b) martensite + ferrite, and (c) 
pearlite + ferrite. In addition 
three we may have some untransformed 
structure (austenite) resulting from 


to these 


Iransformation Time, Seconds extremely fast cooling or high alloy con- 


intermediate structures 


tent, and some 
These intermediate structures consist of 
various modifications of martensite (prin 
cipal of which is the rapidly etching 
acicular structure bainite) together will 
and also marten- 


a full martensitic structure is greater in the commer- 


cial chromium types, that is, the “gate” 
This suggests that these steels require a better 
microstructure, even 


is somewhat 
wider. 
quenching medium for proper 
though the specified hardness does not require it. 

Naturally, the amount of pro-eutectoid 
ferrite which can appear at the boundaries 
of the quenched work depends on the 


martensite and ferrite, 
sitic structures with pearlite and ferrite 


closeness of the composition to the eutec- 7400 1425 25 
toid, and this is affected not only by the De a | 
carbon content but by the alloy content. nd 
Vanadium, manganese, chromium and 1200 }— V4 
molybdenum reduce the amount of carbon — j | 
required for eutectoid compositions and, 1000 vik 
if they did not affect otherwise the austen- i 
ite-ferrite field of the “S” curve, would i 
tend to reduce the amount of boundary & 800 
ferrite in the quenched work of a 0.50% Fy 
carbon steel, for instance. Quenching § 
studies show, however, that both vana- — y 
dium and chromium would tend to | LH 
increase rather than decrease the amount Hire 
f ferrite as . bt: b 400 = 20 
of ferrite in a structure obtained at about Virtual Ending. ra | 
1000° F. with commercial oil quenching as ' | +71 r | C O42 | 
compared to manganese, nickel and 200 } | Ce Og 
Quench | 
1 Min. 30 M., 1 Hour Yn 
5140, Typical of Chromium, Chromium- O51 10 100 1000 10000 10.900 
Vanadium & Chromium-Molybdenum Steels Trensformation Time, Seconds 
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dified martensitic structures (bainite) 
boundary ferrite possess excellent 
ral properties but the presence of pro- 
‘d ferrite is again distinctly detrimental. 
e cooling rates which produce these 
res vary with the grain size, and analysis 


There is a possibility that within certain 
limits the future may develop that the structure 
is the principal index of properties, and that no 
matter how obtained the desired goal may be 
It 


sible to disregard analysis specification and 


a given quenched structure. may be pos- 


require only a steel which will 


produce a given structure when 


TT treated under the conditions of 
4 
Austenitizing Ternpereture v a given practice. This would 
BOC make the hardenability test 
des more important than the chemi- 
| 4e, Temp. || | 200 cal analysis, and would center 
all ton LO attention on heat treatments 
600 which would develop the desired 
\ structure in the simpler steels. 
Begins 4 500 Actual Cooling Velocities 
\ \ 
} It is quite apparent that we 
= IS +] 400 must know the cooling rates 
\ imposed on a given piece of 
300 work as well as the quenching 
= ~ IT 
speeds required to produce 
\ | \ homogeneous martensitic struc- 
£00 ture. The “S” curve itself is 
Cooling Curve trom Aes \ \ rather difficult to map and 
=== Derwed Cooing Degram | 100 requires expensive and time con- 
\ Mortensit tensile, suming experiments. t also 
M Martensite, y | /errite, ferrité,__ 
Beinite Bente Peorite implies conditions of isothermal 
U transformation that occur only 
Nb 
102 105 10? 10s WV when quenching in hot baths. It 


Transformation Time, Seconds 


Fig. 9 
Holding Constant. 
the first stages. 


and considerably longer times. 


of the steel —in short, its hardenability. In the 
high hardenability (deep hardening) steels the 
ranges are much wider and hence cover a very 
much greater cooling time. In the lower hard- 
enability steels (shallow hardening) the ranges 
much narrower, less distinct and cover a 
narrow range of cooling time. If it is con- 
red necessary to produce a specific quenched 
‘ture, therefore, in a low hardenability steel 
‘imitation may be extreme and it may be 
ssary to resort to a combination time 
ching. 


"S” Curves (as Shown in Light Lines for 8.A.E. 4340) Are 
on the Basis of Instantaneous Cooling to a Certain Temperature and 
Actual cooling of sub-surface regions, during 
commercial quenching, is at a more or less uniform rate 
This causes the actual commencement and com- 
pletion of the transformations to occur at slightly lower temperatures 
(Grange and Kiefer.) Ultimate 
micro-structures are noted in the line at the bottom of the sketch 


curves such diagrams as Fig, 9, 


is possible to derive from 


showing the transformations 


during continuous cooling, as 


at least for demonstrated by GRraNnGe and 
Kieren in Transactions @ March 
1941, page 85, but it is rather 
difficult to determine the actual 
cooling rate in rapid quenches, 


or even in the air cooling of 
small pieces. 

A more practicable way is to use one of the 
accepted hardenability tests, which has been 
‘alibrated against section to determine the reac- 
tion of a given steel to other cooling rates than 
the “critical cooling rate” and to determine the 
cooling rate in any part of a given piece. 

In my opinion the simplest hardenability 
test which has been developed to date for such 
a purpose is the test proposed by Watrer E. 
Jominy. This consists in taking a cylinder 
approximately 1 in. in diameter and 3 in. long, 
and heating it so that it presents a clean scale- 
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140 plus some cooling fron th, 
| Cooling Rate at Center of Bars surrounding air. 
120 —— ested by Scott Are Located by Arrows. We then have a que ched 
Ss Ss >= piece of steel of known 
& 100 $8 — sis, heated according to a siyey 
Ss x 38 8 quenched lower end to the slow 
ol | <_ | | cooled upper end. Figure 16 js 
> | | a curve from JOMINY’S article 
20 | = _| | in Merat Progress for Novem- 
ber 1940 on “Commercial! 
Di pian Cooled End, In rests and shows the cooling 
‘ rate of various points along the 
hig. 10— End-Quench Bar, 1 In. Diameter, of 5.A.E. 1095 Steel Was Cooled . page mages 
surface of the test piece, in °F. 


From 1700° F. and Cooling Curves at the Surface Determined at Various 
Distances From the End. Rates of cooling at 1300° F. in ° F. per sec. were 
computed from these cooling curves and plotted in the above graph (Jominy) 


free surface on the bottom end when quenched. 
This piece is heated in the same manner as the 
work it represents, and quenched with a jet of 
water against the clean scale-free end in such 
a manner that this end surface only is immedi- 
ately brought down to the water temperature 
and maintained at this temperature until the 
rest of the piece has cooled to room tempera- 
ture. The one end only receives the quenching 
spray, the rest of the piece is cooled by this end 


Time to vs.Jominy~, / S 
S + + > 120 
S 
Ss / 
3 
8 8's 
60 
60 88 
8 
8S 
‘Ss 2h 40 
£ 
} } } % 
& | L | | 


Distance fram Water Cooled End (Grossmann), In. 


Fig. 11 — Curves Showing the Relation Between the 

Distance From the Quenched End of Sample in Jominy 

Hardenability Test, and the Time Required to Cool the 

Sample to Half Quenching Temperature (Dotted Line), 

as Well as the Relation to the Speed of Cooling at the 

Center of Round Specimens Quenched in Water Under 
Ideal Conditions (Grossmann) 


per sec. when passing through 
1300° F. (a 
between the critical transfor- 


temperature 


mation temperature and the 
“gate” of the “S” curve). 

In this manner it is possible to determine 
from the Jominy test the ime required for any 
given part of any ordinary sized round to pass 
through this “gate”, the rate of cooling at any 
location of any part made from the same steel, 
as quenched either in oil or water. We have 
also a means of determining the time which a 
given piece must be held in water to insure full 
quenching and the maximum time it can be left 
in the water quench to prevent severe quench- 
ing stresses (see Fig. 11). We are also able to 
determine from the hardness curve of end- 
quenched specimens the speed of quenching 
a given section which will be necessary to insure 
a homogeneous martensitic structure free from 
boundary ferrite. 

It is believed that hardenability tests, and 
especially the Jominy type of test, will find 
widespread use as a means for selecting steel 
as soon as the metallurgist and engineer become 
more familiar with its use. Certainly it makes 
it easier to obtain a proper relationship 
between hardness (tensile strength) and stress 
than any means now available. It gives prob- 
ably more information as to the structural prop- 


erties of a given heat or bar of steel than any 
other simple test. It brings out clearly that sicels 
of substantially uniform analysis, annealec 
the same way, may have considerably diffe cn! 
hardenability (Fig. 12) unless the heating be ore 
quenching is properly adjusted as to time »n¢ 


temperature to homogenize the austenite 
13, on page 470). 
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Maechinability of Hot-Rolled Steels 
By James Sorenson and Wallace Gates 
Chief Metallurgist Head, Standards Dept. 
The Four Wheel Drive Auto Co., Clintonville, Wis. 
Re live time for removing unit volume of the S.A.E. speeds and feeds. The tools or the material gen- 
st in a well-equipped machine shop, averaging’ erally determine the depth of cut. Courtesy Four 
P variations as tools, operators, types of machines, Wheel Drive Auto Co. and Product Engineering 
| 
” LB. PER SO. IN.|LB.PERSO.IN.| PERCENT | PER cent |100 140 180 220 260 300 INDEX 
750,000 125,000 22 % wy 238 
45 150,000 125,000 18 45 3.13 
ny 150,000 125,000 20 54 4.00 
150,000 125,000 16 42 7 4.00 
145,000 120,000 16 48 3.34 
: 145,000 120,000 18 50 334 
464 142,000 125,000 21 60 2.27 
615 140,000 105,000 16 42 4.00 a 
334 140,000 100,000 20 50 2.86 % 
314 140,000 115,000 18 48 2.64 ; 
233 140,000 110,000 18 50 2.86 . 
6135 138,000 120,000 20 52 HARDNESS 2.86 ae 
514 135,000 115,000 20 50 2.50 
4\4 135,000 122,000 18 55 250 a 
3240 135,000 115,000 18 50 3.13 by { 
6130 130,000 115,000 20 55 2.86 ae 
4130 130,000 115,000 20 55 2.50 ie. 
33 130,000 110,000 22 58 2.50 7 
3730 130,000 105,000 18 50 2.86 ak 
614 125,000 110,000 15 40 2.38 Shoe 
3220 125,000 95,000 18 45 20 pies 
3130 125,000 105,000 20 50 2.50 Balt 
x1335 125,000 100,000 18 45 147 5 
454i 120,000 90,000 12 40 179 
4620 120,000 90,000 20 58 2.00 Br 
3312 120,000 90,000 22 55 2.08 : 
3250°° 120,000 95,000 18 45 278 
926, 115,000 82,000 18 42 250 
482 115,000 75,000 20 50 1.82 
4615 115,000 88,000 20 60 2.00 Ps 
3120 115,000 90,000 19 60 2.225 
2320 115,000 88,000 20 55 208 
23) 110,000 84,000 22 60 2.08 
9255 110,000 80,000 20 44 2225 
5140°° 110,000 85,000 20 50 2.175 
4815 110,000 80,000 20 50 1.82 nad 
3340° 110,000 90,000 22 58 2.38 
2515 110,000 68,000 30 65 2.225 
235 110,000 80,000 22 45 20 
1040 110,000 90,000 18 45 2.225 
3250° 108,000 80,000 2 50 2.27 
6150° 105,000 75,000 24 50 2.08 
3450 105,000 75,000 22 52 2.38 
3240° 105,000 75,000 24 Bt 2.225 
6140° 100,000 70,000 25 55 2.00 ‘ 
4540 100,000 85,000 18 45 16! 
4340 100,000 80,000 25 60 1.725 
1095 100,000 60,000 22 45 2.225 
1035 100,000 70,000 24 55 1.82 
6135 95,000 65,000 18 50 1.85 
4150 95,000 70,000 25 56 1.85 
3140 95,000 65,000 22 55 175 
734 95,000 66,000 25 58 1.82 
1030 95,000 65,000 24 55 1.67 
4820 92,000 65,000 25 60 182 
613 90.000 60.000 25 60 _ MACHINABILITY 1.82 
514 90,000 55 000 25 55 1.82 
48 90,000 70,000 28 65 pe HOT ROLLED STEELS 192 
4\4 90,000 65,000 28 58 ; 179 
33 90,000 75,000 28 62 2.00 
3 90,000 65,000 25 54 3 *Annealed 192 
30,000 30 55 **Not heat treated 1.79 
é 5,000 65,000 30 60 xe 1.85 
4 85,000 60,000 30 65 1.61 
85,000 62,000 26 58 1725 
4 85,000 50,000 22 54 1.47 
80,000 68,000 28 60 1.92 
80,000 65,000 32 70 2.225 
80,000 48,000 28 58 14? 
80,000 60,000 15 40 1.0 
78,000 60,000 35 70 1.92 
: 78,000 48,000 33 65 16! 
76,000 58,000 30 60 1.85 
75,000 45,000 28 60 1.43 
74,000 55,000 32 62 1.725 
70,000 60,000 32 65 1.82 
65,000 40,000 32 60 192 
x 62,000 48,000 30 58 161 
=) 55,000 41,000 32 60 


24 40 56 72 
RATING, PERCENT 
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Carburizing Steels 


While the preceding discussion has been 
confined primarily to the so-called heat treat- 
ing types, much of it is applicable to the carbu- 
rized case of lower carbon steels. 


complete failure of the case. For this re. soy }; 
is a simple matter to improve core pro: erties 
but a difficult matter in many instances to byj}q 


up a satisfactory combination of proper es jy 


the case. Where resistance to abrasion is \f pri. 


mary importance it may be necessary to haye 
a definitely hyper-eutectoid case, for the direc 
advantage due to the preseice of 


excess carbides. If some degre 


60 of ductility is required it is nee- 
==+ essary that the structure be fine 
50 Previously annealed 1600°-1Hr -Fce Coo grained and of the “abnormal” 
tvpe to avoid a continuous brittle 

There is no doubt that higher 
carbon steels can be used for car- 
3O — burizing, providing they are fine 
grained. Where ductility of the 
20 case is of considerable impor- 
tance the carburizing procedure, 
10 _["~] __ if possible, should be such that a 
eutectoid composition is obtained 
0 in the case. This, of course, has 
Va 2 ou been recognized for many years 


Distance from Weter-Cooled End, /n. 


hig. 12 (above) — End-Quench Test on Five 


Heats of S.A.E. 3140 Which Vary Con- 
siderably in Hardenability After Anneal- 
Vin. 1600° (Williams) 


ing 60 at 


Fig. 13 (at right) Same Steels as Tested 49 } 
in Fig. 12 After Time and Temperature 
Prior to Quenching Has Been Ad- Dan 


justed for Maximum Hardenability 


5 Hests of SAE 3140 


Ce 


S attained by 
and temperature 


Ail anneeled - 160¢ 


When ‘mexumum* ne 


fre fan 
cee 


AS 
, 


20 Steel \Legena| C | Ni | Ce| Cs| “OF note 
44 |.84|118 | 62| 6 | Hr-1500° | same 
Maxi ———| 40|.21 |120| 2 | 1 -1700° 
Maximum properties are 42|.78|129|.52| 2 | = -1500° | seme 14m, 1200 
desired in carburizing steels Ww |-——- 741119|.65| 2 | 1 ~-1200° 
40| 701 1.321.541 6 | + -1700° | 
because of the fact that whereas probebly not attaine: 
steel is casehardened primarily Va 2 


to produce a wear resistant sur- 
face, for many applications this 
surface must also have sufficient 
ductility and compressive strength to take care 
of very suddenly applied tension or compression 
loads which might be of a highly concentrated 
nature. We are primarily interested in the hard- 
ness and tensile strength of the core and in the 
hardness and ductility of the case. 

Now, the low carbon steels usually 
employed for caschardening have much greater 
ductility in the quenched condition than the 
high carbon case, so it is difficult to stress them 
dangerously in the usual application without 
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in the bearing and other industries where 4 


great deal of money has been spent to obtain 
such structures after carburizing. 


If a steel has a case of approximately 


eutectoid composition the principal advan'age 
of alloy additions lies in their ability to o) ‘ain 
full hardening with oil quenching so that cl nge 
in shape after heat treatment is a minin im. 
These steels are ordinarily used for parts »uch 
as gears and bearings where warpage pre) ‘nts 
water quenching. However, due to the hig! a! 
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tent in the relatively small section of 


On 

carburized piece, the amount of alloy 
req | to obtain full surface hardening is 
sm rhus, in the ordinary automotive part 
the bination of approximately 0.80 to 1.00% 
m: inese with a very small percentage of 
othe, olements such as molybdenum, chromium, 
val um or nickel will provide a case which 
will harden fully when quenched in oil. In 
work which is quenched directly from the car- 
burizing box most of these low alloys will also 
harden fully in the core, providing the carbon 


content is properly adjusted, so that very satis- 
factory work can be obtained from carburized 
steels containing approximately 1.00% manga- 
nese and less than 0.5% of any one of several 
other alloys. 

Some of the alloy steels, such as the chro- 
mium group, when carburized and quenched 
will be soft to the file. This has been the basis 
of some criticism. The soft skin is apparently 
caused by the excess precipitation of carbide 
when cooling through the A,,, range, so that a 
combination of carbide and ferrite is formed 
which will be soft to the file. This skin is super- 
ficial, and on any work which is ground or 
lapped prior to service it will prove no detri- 
ment. The chromium steels require a_ higher 
heat treating range and faster handling from 
the carburizing boxes when quenched directly, 
but do have a surface which, when properly 
treated, is somewhat more resistant to abrasion 
than the straight carbon or nickel steels, 

Elements such as nickel, manganese and 
molybdenum have the advantage that they 
lower the transformation temperature and sim- 
plify the problem of quenching from the box. 
They also tend to increase the hardness of the 


ferrite and thereby improve the machinability 
of these low carbon steels — especially for such 
operations as broaching. The nickel-molybde- 
num and manganese-molybdenum low alloy 
steels have proven to be two of the most satis- 
factory for all-purpose applications, and will 
increase in use as their advantages are realized. 


Best Carburizing Practice 


To develop the best properties in carburiz- 
ing steels, therefore, it is necessary that the car- 
bon content be such that when oil quenched the 
core strength will be satisfactory. Since the 
ductility of the core is usually of minor impor- 
tance, the strength of core to suit a given case 
depth can be obtained most easily by increas- 
ing the carbon content. 

The maximum properties in the case are 
developed by having a steel of the fine-grained 
type, carburized to a carbon content as close as 
possible to eutectoid composition, and quenched 
to obtain a minimum of retained austenite. One 
advantage of the low alloy combinations is that 
the amount of retained austenite is a minimum, 
so they lend themselves primarily to direct 
quenching. With the heavier cases and direct 
quenching the case strength of some of the 
higher alloy steels is less than that of the lower 
alloy steel, due to the presence of much aus- 
tenite after hardening. 

It is, therefore, advisable to make certain 
that steels are used for carburizing which do 
not have too much alloy, whose case analyzes 
as close to eutectoid carbon as possible, and the 
carbon content of the core is sufficient to pro- 
vide ample strength to support whatever case 
depth is decided upon. S 


Fig. 14 — Battery of Gas Carburizing Furnaces at Timken Roller Bearing Co., Canton, 
Ohio, a Pioneer in the Development of Direct Quenched, Carburized, Low Alloy Steels 
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METALLURGICAL MATERIALS 

| CHROMIUM 

| NICKEL 
MANGANESE 
ra ( 
TUNGSTEN 


VANADIUM 


SILICON | 


TIN 


knowledge of the adaptability of Molybdenum for widely 
varying needs. The second is a temporary shortage of 
supply, or governmental restriction of use, of c ser stand- 
ard alloying elements. Molybdenum is under no such 
limitation. Tungsten, manganese, nickel, chromium— 
many specifications for high-grade irons and steels are 
being rewritten to conserve one and another of these 
elements, and Molybdenum is replacing them, a'to- 
gether or in part, without loss of essential quality. Thus 
production is being speeded at a critical time. Litera- 
Having risen steadily in the scale of importance for ture and technical advice are at the command of ="y 
years, Molybdenum is now suddenly shifted much manufacturer on request. Orders or inquiries wll 
higher. Two conditions bring this about. One is new _ receive prompt attention. 


AMERICAN Production, American Distribution, 


American Control—Completely Integrated 


Mines: Tucson, Arizona; Questa, New Mexico. 
Smelting and Refining Works: York, Pa.; Washington, Pa. 


Offices and Warehouses: Pittsburgh, New York, Chicago, 
Detroit, Los Angeles, Montreal. 


Sales facilities, technical advice, ample stocks available. 


MOLYBDENUM CORPORATION OF AMERICA 
Visit Booth E 42 at National Metal Congress GRANT BUILDING, PITTSBURGH, PA. lta | 
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When a friend needs help— needs it 


urgently — you like to say “YES!” 


But sometimes, for unavoidable reasons, 


you are forced to say ‘““NO!”’ 
How you hate to say it! 
That’s the way we feel today. 


Here we are, turning out millions of 
tons of steel—more than ever before in 


Republic’s history. 


Yet, to many of our friends—our custom- 
ers who have learned to depend upon us 
for steel—we may have to say “NO” 
when we'd like to say “YES.”’ 


The reason is well known. World affairs 
demand that we build for defense—de- 


fense for your business, your possessions, 


REPUBLIC STE t 


General Offices: 


Berger Manufacturing Division 
Culvert Division 
Niles Steel Products Division 


RBON STEELS+STAINLESS STEEL+ PLATES 
\PES « STRIP *« SHEETS « PIPE and TUBING 


REPUBLIC 


your home, your family. And modern 
equipment for defense requires steel— 


quickly and in unprecedented quantities. 


Republic must-AND WILL-supply first 


the steel needed for defense purposes. 


At the same time, we want to be fair to 
ALL our other customers in apportion- 


ing steel available for non-defense use. 


If we have said “NO” to you—or if we 
must in the future—just remember that 
we don’t want to say it—we'd like to 


say “YES.” 


And remember, too, that the steel 
you can’t get is the steel that is 
being used to protect all of us against 


an uncertain future. 


CORPORATION 
Cleveland, Ohio 


Steel and Tubes Division 
Union Drawn Steel Division 
Truscon Steel Company 


TIN PLATE+ NUTS+« BOLTS+RIVETS* NAILS« PIG IRON 
FARM FENCE « WIRE « FABRICATED STEEL PRODUCTS 
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carbon substitute for ste: crap 
— and differs from previous meth 
Deearburizing I Shot’ i 
ecarburizing Iron Sho ods chiefly by the fact th»: car 

bon is oxidized by the ¢ seoys 

By Bo Kalling and Ivar Rennerfelt ‘arbon oxides instead o solid 

iron oxides, and that the process 

is carried on continuously py 


es THE possipitity of decar- as an oxidizing agent tends to feeding the material through q 


rotary furnace. 


burizing pig iron without sinter at temperatures near 1800° 
melting has been known and _ F.; furthermore, the reactions In the experimental work at 
utilized for a long time. Current are endothermic. The “R.K.” Vesta, Sweden, the granules 
methods, however, are unsatis- process offers a new method of | Were fed continuously into a 
factory because the iron ore used — converting pig iron into a low rotary furnace, 30 in. diameter 


inside the refractory lining and 
11 ft. long. Along the inclined 
axis of this kiln was a pipe with 
many side nozzles carrying 
appropriate gas-air mixtures, 
Decarburization is generally 
favored by an increase in tem- 
perature. The Fe-C-O equilib- 
rium diagram shows that at 
1800° F. it should be possible to 
lower the carbon to about 0.04% 
without oxidation of iron, and at 
2000° F. to about 0.02% carbon. 
However, in order that a 
process may be utilized tech- 
nically a sufficiently high rate of 
.40-.50 CARBON OPEN HEARTH 7 re reaction is also necessary. Since 
diffusion of the oxygen into the 
STRENGTH iron must always occur very 
T.S.-100,000 P.S.I. slowly, there is no need to take 
E.L-12% t0 19% to into account anything but the 
37% in a VY’ Round Cold Drawn Bar. : diffusion of carbon to the sur- 


face of the granules. 
2. HEAT TREATMENT | diffusion rate should be 
proportional to the decrease of 
3. DUCTILITY per unit length in 


the austenite phase. It is thus 
of great importance that the car- 
bon content at the surface be 
kept as low as possible. Calcula- 
tions also indicate that the time 
of decarburization should be pro- 
portional to the square of the 
radius of the granules. 

An inerease in temperature 
‘auses more rapid diffusion ©! 
the carbon as well as increasing 
oS its solubility in austenite (with 


MONARCH STEEL COMPANY out which it cannot diliuse. 


HAMMOND INDIANAPOLIS . CHICAGO 
PECKOVER'S LTD., Toronto, Canadien Distributor Silicon contents of less than ! 


(Continued on page 48° 


Licensee for Eastern States 


Abstract of “Decarburizat on 


YOUNGSTOWN, OHIO Process”, Journal, Iron anc Stee! 
Institute, Vol. 140, No. Il 
MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS p. 137. 
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ONES & ATION 


VISIT THE Jal EXHIBIT which tells an interesting story of the 
steel ingot and reveals an important phase of the Controlled Quality 
method of manufacturing steel products. In attendance will be repre- 
sentatives of the J&L technical staff with whom you will have the 
opportunity to discuss the use and application of J&L Controlled 


Quality Steels in your shop. 


AMERICAN INDUSTRY 
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Iron Shot 


(Continued from page 474) 
have little effect upon the rate of 
decarburization; with increased 
silicon the rate successively 
decreases, possibly owing to for- 
mation of a passivating oxide 
film. Manganese, up to 2.5%, 
has no effect. 


The first plant for industrial 
production by the “R.K.” process 
was put in operation in 1938 at 
the Fagersta Steelworks. Its 
chief purpose was to produce a 
decarburized iron with the lowest 
possible carbon content. A gran- 
ulation plant was built to pro- 
duce grains of pig iron as round 
as possible and of a smaller 
diameter than the maximum 
desired for decarburization. 

A 24-hr. trial was made with 


The Question of the hour: 


How Can We Substitute? 


JESSOP SUGGESTS :- 


There are two kinds of substitutions you can make which 
will effectively aid in National Defense: (1) Substitutions 
to conserve strategic materials, (2) Substitutions to con- 
serve production time. Certain Jessop Steels will help 
you conserve in both directions: 


FOR CONSERVATION OF 
MATERIALS 


SILVER-PLY  Stainless-Clad 
Steel offers great savings in nickel 
and chromium. The average sheet or 
plate is made with a 20% stainless steel 
cladding, therefore’: SILVER-PLY uses 
only 1/5 as much stainless alloy as 
solid stainless. 


MOGUL Molybdenum-Tungsten 
High Speed Steel affords consider- 
able savings in tungsten, as it con- 
tains only 1.30 to 1.80% of this 
strategic element. It performs equally 
as well as 18-4-1 for most applica- 
tions, and in many cases results in 
superior performance. 


RAPID FINISHING Semi-High 
Speed Steel, containing only 3.75 
tungsten, gives excellent service on 
fast finishing cuts where an extremely 
smooth and accurate surface is 
required. 


FOR CONSERVATION OF 
PRODUCTION TIME 


High Carbon-High Chrome Die 
Steels. Jessop’s “CNS"’, and 
“WINDSOR SPECIAL” die steels are 
extremely resistant to wear... 
minimizing down-time for regrinding 
dies and assuring long die life. 
TRUFORM Non-Shrinkable Die 
Steel is an oil hardening die steel 
which is very easy to heat treat . . . 
virtually eliminating waste of ma- 
terials and time due to inexpert 
hardening. 

Composite Die Sections. Because 
JESSOP Composite Die Sections are 
rolled to shape, much less machining 
is required than for straight sections. 
Dowel and screw holes may be 
drilled after hardening. 


If You Attend the Metal Show: 
You are cordially invited to visit the 
Jessop exhibit at Booth No. 13. We 
will be glad to answer your questions 
on conservation. 


If You Cannot Attend the Show: 
Write for our special booklet about 
the show, and which contains other 
interesting information for users of 
tool steels and stainless steels. 


JESSOP STEEL COMPANY 


WASHINGTON . PENNSYLVANIA 


CARBON - HIGH SPEED - SPECIAL ALLOY 


STAINLESS and COMPOSITE STEELS 
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a crushed granulated iron 
product did not prove as s {able 
for the process as the gr jules 
in their original state. Th larp- 
edged grains hooked int. one 
another, and the charge (| pot 
flow so evenly in the furnace 
The angle of slip of the charge 
increased and at the highes! tem. 
perature, about 1925° F., it was 
nearly vertical. 

In the granulation plant the 
pig iron is poured from a ladle 
into an open tun dish, from 
which it flows through « hole 
in the bottom in a thin jet toward 
a rotating drum. This has a sur- 
face made of parallel slats of 
wood, which shatter the jet and 
throw the iron drops down into 
the water sump just below. In 
order to keep the wood slats 
moist and to prevent their 
destruction, an ample quantity 
of water is flushed on the wheel 
immediately before the iron 
strikes it. The total quantity of 
water required for the granula- 
tion depends on the temperature 
of the overflow; it was generally 
so regulated that the water in 
the tank rose to about 160° F. 
About 5 tons of pig iron is gran- 
ulated at a time, at a rate of 
about 450 Ib. per min. The 
analysis has a great influence on 
the behavior of the pig iron dur- 
ing granulation. <A_ high silicon 
content, for instance, tends to 
produce hollow grains, especially 
the coarser ones. 

When the output of the fur- 
nace described below was 6 to 7 
tons per 24 hr. the carbon con- 
tent was easily kept below 0.10) 
sometimes even below 
However, when the feeding rate 
was increased to 13. tons, the 
final carbon analysis became 
irregular and rose considerably 
above 0.10. 

A decarburization furnace 
intended to produce 6 to 10 tons 


‘ 
per 24 hr. was erected. It had 
an inner diameter of 342 tf. ane 
an inside length of 13 ft. The 


brick lining is 9% in. thick «ane 
consists of an outer lay 
(Continued on page 48' 
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4 be conserve needed metals, let’s reduce the waste of wear as 
well as the waste of war. Nitralloy, the alloy-steel that produces 
the hardest steel surface known, conserves steel, alloys, labor, 
shop capacity, transportation, fuel and power by prolonging the 
life of vital machinery parts subject to wear, fatigue and abrasion. 

In defense work, Nitralloy and the Nitriding Process contribute 
to the effectiveness and stamina of planes, tanks, trucks, artillery, 
and marine equipment—as well as of the machine tools needed to 
produce these sinews of war. 


Throughout industry, Nitralloy and the Nitriding Process have lengthened 
the useful life ef machine parts in wide variety, including 


BUSHINGS GAGES PISTONS SHAFTS 
CAMS GEARS PLUNGERS VALVES 
CONNECTING RODS GUIDES PUMP PARTS WEAR PLATES 


CYLINDER BARRELS MANDRELS ROLLS WIRE GUIDES 


Four commonly used Nitralioy compositions employ 


SILICON . . « « 03 MAXIMUM 
CHROMIUM . . 09 TO 1.80 
ALUMINUM . . 075 TO 1.50 
MOLYBDENUM 0.15 TO 0.60 


Nitrided Nitralloy parts can be produced with case 
hardness exceeding 1000 Vickers-Brinell, and core 
hardness of more than 300 Brinell, with ultimate 
strengths up to 190,000 Ibs. per sq. in. Within wide 
limits, strength and hardness cf core are variable at 
will by correct selection of composition and heat- 
treating temperature. 


Nitralloy metallurgists welcome consultation and opportunities 
to recommend the most suitable composition and treatment for 
any given purpose, The Nitralloy Data Book will be useful in con- 
sidering possible applications. Copies are available on request 
to us or our licensees. 


4 


230 PARK AVENUE 


Companies Licensed by The Nitralloy Corporation 


ITRALLOY CORPORATION 


NEW YORK, N.Y. 


. CHICAGO, ILL. 


ALLEGHENY LUDLUM STEEL CORP............... WATERVLIET, N.Y. .. PHILADELPHIA, PA. 
BETHLEHEM, PA. METEAR, . PHILADELPHIA, PA. 
OPPERWELD STEEL CO.............-ccceucccucecces WARREN, O. NEW ENGLAND METALLURGICAL CORP............ BOSTON, MASS. 

CRUCIBLE STEEL CO. OF AMERICA.............ee NEW YORK, N. Y PITTSBURGH COMMERCIAL HEAT TREATING CO...... PITTSBURGH, PA. 

REPUBLIC STEEL CORPORATION. CLEVELAND, O. MILWAUKEE, WIS. 

THE TIMKEN ROLLER CS ree CANTON, Oo. ONTARIO RESEARCH FOUNDATION. - TORONTO, ONTARIO, CANADA 

VANA 

ATUS UMMED. WELLAND, ONTARO Manufacturers of Nitrlley Steel Cartings 

Operating and Accredited Nitriding Agents EMPIRE STEEL CASTINGS CO... READING, PA. 

CAMDEN, N, J. THE MASSILLON STEEL CASTING MASSILLON, O. 

COMMERCIAL STEEL TREATING CORP............... DETROIT, MICH. MILWAUKEE STEEL FOUNDRY CO..............-5- MILWAUKEE, WIS. 

THE LAKESIDE STEEL IMPROVEMENT CO............ .CLEVELAND, O. WARMAN STEEL CASTING CO.........-00e0es LOS ANGELES, CAL. 

& 720 
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Iron Shot 


(Starts on page 474) 

thick 
and inside of this a 4'2-in. layer 
of firebrick. The diameter of the 
inlet opening is 14 in. and of the 


insulating bricks 442 in. 


outlet opening 10 in. 
After leaving the furnace, the 
in a 


granulated iron is cooled 


short drum divided in sections 
by a number of transverse steel 
plates, each with a semicircular 
The 
openings are staggered, plate to 
plate, so that one of them is 
always completely covered by the 


opening at the periphery. 


material. This arrangement 
makes it possible to discharge 
material during the rotation of 
the drum, and at the same time 
to prevent the gas from escaping 


The 


through the same opening. 


*& Changing over to DBL High 
Speed Steel is just about the finest 
protection any user of cutting tools 
can get. 

DBL complies with OPM orders, 
protects you against tungsten 
shortage and aids the nation’s con- 
servation program for defense, 
because it contains less than one- 
third as much tungsten as “18-4-L” 
High Speed Steel. 

It protects you against loss of 


production, because in 85-900) of 


ALLEGHENY LUDLUM 


PITTSBURGH, PA. 


STEEL CORPORATION 


Tool Steel Divioion Wateentior, 


all cases, it performs just as well 
and frequently better than 18-1-1. 
And it protects you against buying 
any new equipment or learning new 
techniques, because it heat-treats 
in exactly the same equipment and 
by the same methods as 18-4-1. 

Solve your High Speed Steel 
problems, once and for all, by 
All you 
DBL “Blue Sheet.” 


which contains full technical data. 


changing over to DBL. 


need is the 


Vail the coupon below for your copy. 


Allegheny Ludium Steel Corp. «iss 
Oliver Building, Pittsburgh, Pa. 


Send me a copy of ‘DBL Blue Sheet.” 


| 
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longitudinal inclination the 
furnace, which is hy. 
hitherto been about 3%. 

Tests proved that the hes! 
required could be supplied |\y the 
combustion of the reaction gas 
with the addition of blast 
nace gas. A special burner was 
designed consisting of three eop- 
centric pipes whose exposed 
parts are made of heat resisting 
iron-chromium-nickel all y. It 
the 
The outermost p pe is 
the end but it has 4 
number of openings along its 
length. Through the innermost 
pipe is introduced the blast fur- 
nace gas which enters the fur- 
nace about two-thirds the way 


is placed along the axis of 
furnace. 
closed at 


from charge opening to dis- 
charge. It is burned by a regu- 


lated amount of “primary air” 
which is introduced between the 
walls of the inner pipe and its 
surrounding jacket. The “see- 
ondary air’, supplied through 
the nozzles of the outermost pipe 
at right 
about the 
The burner and the 


angles to the charge. 
brings main deear- 
burization. 
blower, which is common to the 
primary and the secondary air, 
are suspended from a trolley so 
the burner 


even removed entirely. 


‘an be adjusted o1 


According to the experience 
at Fagersta, it will be possible to 
keep the average carbon content 
constantly below 0.05, provided 
the production rate is properly 
adapted to the dimensions of the 
furnace and to the grain size o! 
the granulated iron. The aver- 
age carbon content of grains 
under 2 mm. is not more than 
Grains over 2 mm. aver 
age 0.09% carbon. The Fagersts 
furnace is now used in con 
ous operation. 

A furnace of 
installed at the Uddeholms 
bolag Hagfors Steelwor! 
designed to produce 12 to 2! 
per 24 hr. of metal cont: 
0.05 to 0.50° earbon. A! 
at the Vuoksenniska Stee! 
can produce 20 tons per 
with 0.40° 


this 


carbon. 


| 

| 
fe: 

| 4 | 

4 4 &, « » 

le 

ie 

i 

if 

| 

— 


{long 


, notable changes in the forging equipment (described in detail on page 


<43) | been even more striking improvements in the automatic hardening 


for high explosive shell. 


furnac 


parabl: 


A five-fold increase in capacity, and incom- 
niformity is now achieved in this new equipment at Frankford Arsenal 


Advanees in 


High Explosive Shell Manufacture 


PREPAREDNESS has always, and naturally 
7 enough, been the slogan as well as the 
function of the Ordnance Department of the 
(.S. Army. One phase of its work in keeping 
{\merica prepared to “repel boarders” (to bor- 
row a naval term) has been to improve the 
technique of forging, machining and heat treat- 
ing high explosive shells. Through extensive 
research great advances have been made in the 
manufacturing methods for the production of 
shells today as compared with those produced 
during the World War. Most of this research 
has been carried on and the necessary shop 
practices developed at the Frankford Arsenal 
in Philadelphia. 
Prior to the World War (1914) only six 
ordnance arsenals and two civilian factories in 
this country were equipped for the production 
of artillery ammunition, yet by the time the 
Armistice was signed in 1918 nearly 8000 plants 
were working on ordnance contracts! Startling 
as this increase seems, it is dwarfed to insignifi- 
cance by present expansion. For example, 
contrast the output of one arsenal in 1918, 
which was less than 600,000 shells, with the fact 
that in one 45-day period recently the Army 
and Navy contracted for 123,000,000 of 20-mm., 
‘7-mm., and 40-mm. shells alone. 
oday, millions of shells of various calibers 
entirely new) are being turned out by 
roduction methods at U. S. Ordnance 
ils, huge steel mills and forging plants, 


and also by a myriad of small forge and 
machine shops. The change-over from civilian 
to shell production, under the guidance and 
leadership of the Ordnance Department, has 
been nothing short of amazing. Manufacturing, 
training and educational orders by the Ord- 
nance Department, throughout the “disarma- 
ment season”, have been a most vital factor 
in eliminating costly mistakes that would other- 
wise have occurred during this transition period, 

Improved forging technique is one big fac- 
tor in the development of this industry, In the 
days of the World War No. 1 forging was lim- 
ited to the pierce-and-draw method. With the 
standards of shop practice then in vogue for 
this method, it was impossible to forge the cav- 
itv of high explosive shell to the close tolerances 
required. This made it necessary to bore or fin- 
ish machine the inside. 

Today, because of improved shop practice, 
the development of the Witter shell forging 
process, the Assel cross roll mill, the forging 
upsetter, and other devices, it is possible to hold 
the shell cavity, in the as-forged condition, to 
the dimensional tolerances required in the fin- 
ished shell. This advance alone means a great 
increase in the quantity of shells produced per 
man per day. 

These close forging tolerances also allow 
the use of smaller billets for the same size shell. 
In some types the saving in the weight of raw 
steel amounts almost to one third. This directly 
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Fig. 1 — Obsolete Shell Hardening Furna 
Fired for Smoky Flame. The designer ¢ 
put a substantial foundation under the + usher’ 


elements were found to be present. Hoy 
ever, if nickel, copper or chromium wer, 


present, the steel could be accepted, at th, 


discretion of the inspector, provided {hy n 
quantities did not exceed 0.50, 0.25 and Ir 
0.30 respectively, but the sum of th 
quantity of the three (if all three wer 
present) could not exceed 0.50%. 


In order to preserve machinability 


and uniformity of heat treatment in stee! 
for shell, and shrapnel of less than 8-iy 
caliber, it was necessary to guard agains! 


a possible combination of high carbon and 


high manganese in the same heat. There. 


fore it was specified that the “carbon co: 
tent times 3, plus manganese content’ 
should not be greater than the index num- ; 
ber 255 

In addition to the chemical analysis 
certain physical requirements were also 


affects machining in that there is less metal to mandatory. Test bars (2 sq.in. cross section) 
take off, tool (and die) life is increased, and were heated to 1600° F. for 30 min. and quenched 
output rates are stepped up materially. The in oil. Drawing details were left to the stee! 
practical application of multi-spindle automatic mill but the following minimum physical spec- 


machines equipped with carbide 
tools are also great achievements 
in the machine tool industry and 


add another rung to the ladder of Se 

greater production — but these 

have been exhaustively treated 
elsewhere in a number of recent 1 | 
articles, and will not be discussed 

in this article dealing primarily 

with heat treatment and furnaces u 


therefor. 


Shell Steel 


Towards the close of the 
World War the chemical require- 
ments for shell steel had pretty 
well crystallized into the follow- 
ing analyses: 


3 
i 


Carbon 0.45 to 0.65% 

Manganese 0.50 to 0.90 

Phosphorus 0.055 max. 

Sulphur 0.06 max. 

Silicon 0.35 
Steels purchased according to Fig. 2 — Older Type of Furnace With Inclined | art! 
these specifications could be Used for Both Hardening and Drawing euts 
rejected upon analysis if other 
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ron Carbide Equilibrium Diagram 


{pproximate lron-Graphite Diagram in Red 


Delia Iron in| | | 
00 15°C) Liquor +t MOLTEN ALLOY = 
-B | | | | “4/500 
— 2715 °F (1490°C. | = £777 | t 
Use f | p, a 
= 20 9°C,) »—+ > 
TS | Mother Liguor 
| | WAT 
| | 
Pe ~ ~ 
Ausientte; TS | | 
065°. [1 130°C.) 
of Carbide in Solidus; Cementite futectic Freezes 1/00 
\Gammalron | | | | 
| Austeniie, | | ! 1000 
G | | | 900 
Ap A. 72>. | j | 
| |_| | | 600 
SS | Pearlite | Pearlite |;| |Cemenitie, Pearlite 
and an +— and Transforme 
| Ferrite | | | Cementite | Ledeburite | 
& | | | of Cementite on Heating 
> | © | 
| | | ‘| | 
Irons 0.5 / Per ‘Cent 2 Cerbon 3 4 5 
><———_———— Steels ———————— ox————— Cast Jrons — 
Except as noted hereafter. lines are reproduced Solidus in Iron-Graphite System according to 
by courtesy of The Engineering Foundation from Kaya. Honda and Endo, Science Reports, Tohoku 
dia ams published in one of the Alloys of Iron Mono- Imperial University, 1925 and 1927. 
ar: “Alloys of Iron and Carbon,” Vol. I on Consti- Ar, according to Hoyt and Dowdell, “Metals and 
tut 4 Samuel Epstein. Common Alloys,” for cooling rates of 1° C. in 3 sec. 


Delta iron region and solidus by Frank Adcock, 
‘al of the Iron and Steel Institute. 1937-1. 


Sorging and heat 
nmended Practices, 


Line GPQ according to J. H. Whiteley, Journal, 
Iron and Steel Institute, 1936. 
treating temperatures from Solidus in graphite system left of E’ as suggested 
1939 @ Metals Handbook. by Harry A. Schwartz. 
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ifications (or their equivalent) were required to cuted at an accelerating pace and what 


rac- 
be met: tice today may be obsolete tomorrow. \Vhjjp 
aiiiaiiaiiiiiies plain carbon steels are generally still in for 
1 9 3 the larger size shells, which are heat (cated. 
Tensile strength, psi. 90,000 95,000 100,000 modifications of chemical requiremen(s arp 
limit, being made right along, in order to take lvan- 
elongation in 2 in. ee 16% 19% tage of the findings of this research. While 
The greatest advance today over these these modifications are more or less military 
steels, from the production standpoint, has been secrets it can be disclosed that at least one shell 
the adoption of high sulphur, free machining, is being made of steel of the following analysis, 
air hardening steels that do not require com- nearly corresponding to S.A.E. 1340: 
plicated heat treatment. These steels were used Carbon 0.35 to 0.450 
for the smaller sizes only. A typical analysis Manganese 1.60 to 1.90 
Sulphur 0.050% max. 
Phosphorus 0.045% max. 
Carbon 0.35 to 0.456; 
Manganese 1.35 to 1.65 We are a long way from the ultimate yet 
Sulphur 0.075 to 0.15 and can look forward to better steels in the not 
Phosphorus 0.045 max. distant future. 
This corresponds to the analysis of the free cut- In this respect we might take a quick glance 
ting steels S.A.E. X-1540. at what others started with. 
However, shell steel research is being prose- German steels used for high explosives dur- 


Fig. 3— Most Modern Furnace Line for Quenching —Thereabouts. View shows charging table and 
and Drawing High Explosive Shell, 5 In. and — mechanism for walking beam type of con 
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ng 


follo. analyses: 
MINIMUM AVERAGE MAXIMUM 
( n 0.40% 0.75% 1.12% 
\ inese 0.40 0.93 1.40 
S n 0.01 0.28 0.80 
S ur 0.01 0.05 0.085 
P phorus 0.01 0.06 0.105 
( er 0.0 re 1.00 


fhese analyses were obtained from shell 
fragments picked up in the battle zone, and 
show that the shell steel used by the enemy at 
that ime would never have passed American, 
French, or even Russian inspection. 


Heat Treating Equipment 


Development in heat treating equipment 
for use with the plain carbon steels has been 
rapid and radical. A typical heat treating pro- 
cram of one company, making shells back in 
the World War days, employed batch type, 


kerosene-fired furnaces holding from 60 to 70 
shells at a time. Heating-up periods ranged 
from 50 to 70 min. plus 10 more for soaking at 
At first oil and 
then water was used for quenching and it 
varied all the way from 80 to 180° F. in tem- 
perature. Shells were immersed, base down, so 


what was hoped to be 1550° F. 


as not to allow water to get inside through the 
nose. Drawing included a preheat to 800° F. 
(in waste gases from the lead pot) for 8 min. 
and a 5-min. soak in lead at 1100° F. (eight 
shells to each lead bath). 

Such variations in quenching naturally 
‘aused variations in the hardness of the prod- 
uct. A tendency toward a soft nose was par- 
tially overcome by drawing the shell-base down 
in the lead bath. This left the nose somewhat 
exposed to be drawn at a lower temperature. 
Ha~dness desired was 32 to 42 scleroscope. 

Later on, continuous type furnaces came 
into vogue, and each served the dual purpose 


Fig. 4 — Hot Shells Drop Into Spray Fixtures Submerged in Oil Tank (Below 
Floor) and Then Are Automatically Placed on Flight Conveyor Leading to Draw 
Furnace. ( Horn shaped devices over tank are part of the fire protection system.) 
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of hardening and draw- 
ing. Of the inclined 
hearth type (Fig. 2), a 
production of &8& shells 
(96 Ib. each) per 8-hr. 
shift was obtained on a 
heating schedule of 2 hr. 
20 min. Burners were 
manually controlled 
and, in spite of record- 
ing pyrometers, physical 
characteristics varied 


greatly. Hot shells were 


removed by hand for 
quenching. After hard- 
ening a pile of work at 
1550° F., the tempera- 
ture of this furnace was 
dropped to 1100° F. and 
the same shells were 
drawn. With this oper- 
ation a rate of 124 per 
shift was attained with 
a heat cvele of 1. hr. 
38 min. 

A few years ago the 
Frankford Arsenal pro- 
cured an automatic 
quench and draw set, 
both hardening and 
drawing furnaces being 
of the open-fired, walking beam type. This set 
accommodated only one size of shell and oper- 
ated on a 4-min. cycle. Oil in the quench was 
maintained automatically at temperature and 
fairly uniform results were obtained. 


Automatic Furnaces 


Recently there has been put in operation at 
the same arsenal a unit which is the last word 
in automatic heat treating, including hardening, 
quenching and drawing. Control is so close that 
variations in the physicals of the shells are held 
within three points Rockwell. While the harden- 
ing furnace is quite similar to the old one, the 
draw furnace is of the convection type. The unit 
accommodates three different sizes of shells and 
has a production rate of 1368 shells in 24 hr. 
Shell sizes are 4.7 in., 5 in., 155-mm., and other 
comparable sizes. This unit was developed and 
built by the Surface Combustion Corp. of 
Toledo, Ohio. 

The conveying mechanism of both furnaces 
consists of six conveyors. Each conveyor has 
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Fig. 5 — Side View of Convection Furnace Used for Drawing the Quenched » 


Two air heaters, each with fan housing alongside, are mounted on th 


two sets of parallel rails, a fixed set and a se! 
of walking beams, both of high chromium-nicke! 
alloy. The fixed rails extend beyond the fur- 
naces at the front ends, forming the charging 
table onto which the shells are loaded (Fig. 3). 
From there the shells are picked up and moved 
through the furnaces by the walking beams, six 
rows ata time. The walking beam rails are car- 
ried by alloy cross beams, on the bottom of 
which are wedge shaped surfaces which engage 
corresponding surfaces on two longitudinal 
drive-rails to lift and carry the load. Shells rest 
on projecting fingers on both fixed and moving 
rails to allow free circulation of heat. The fixed 
rails rest on top of piers; thus space is provided 


for the walking beams as well as for free circu- 


lation of hot atmosphere. 

Shells, after attaining the necessary 
perature in the hardening furnace, a! 
charged through closed gravity chutes i 
oil quench, open end down. Each one 
down over a conical ring of spray nozzles 
another set of spray nozzles surrounds 
whole outfit (one for each of the six Li 
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ng submerged in a steel tank filled 


shells) 

with « In this way both internal and exter- 
nal q' hing is accomplished effectively and 
simul! ously. When fully quenched the shells 
are ti} | mechanically and deposited onto a 
flight veyor (Fig. 4) which carries them up 
and on!» the charging table of the draw furnace. 
[his ach tank conveyor moves intermilt- 
tently, synchronization with the two sets of 
walking beams, advancing each shell only as 
the loads in the furnaces are advanced. The 
operation of all furnace conveyor units is con- 


trolled by a timing clock which starts and stops 
all drives simultaneously at predetermined 
intervals. 

The hardening furnace is 18 ft. long and 5 
ft. wide inside, and 18 in. high from rail top 
io spring line of arch. Side walls and arch are 
of 9-in. insulating firebrick backed by 214 in. 
of insulation. The bottom consists of 5 in. of 
insulating firebrick and 7% in. of insulation. 
Sillimanite cement coating covers the entire 
interior of the furnace brickwork. 

For heating the quenching furnace, gas 
burners of the low pressure type are mounted 
in the side walls; they fire both above and 
below the work, 34 burners in all. Each burner 
has a block, block-holder, valve and gage. This 
system operates with air at 114 Ib. and gas at 
{to 6 in. water pressure. Fuel consumption is 
in the neighborhood of 4000 cu.ft. of 530-B.t.u. 
gas when heating at the rate of 2600 Ib. of net 


hig. 6 — Discharge End of Shell Drawing Furnace 


work per hr. to a temperature of 1600° F. A 
single blower furnishes air to both furnaces. 
Burners are manifolded into groups and each 
group of not more than five burners is provided 
with an individual automatic gas-air propor- 
tioner with a zero governor for the gas. In 
addition, the gas-air ratio can be adjusted 
manually at each inspirator. Automatic tem- 
perature control with necessary pyrometers and 
recorders is provided. The automatic gas-air 
proportioner can also be adjusted manually at 
each inspirator. 

The quench tank is of welded steel, holds 
8000 gal. and is sunk in the floor to allow space 
for the shells to drop down into it from the high 
heat furnace. A pump forces oil through the 
spray nozzles. Temperature of the oil is main- 
tained automatically by the use of banks of 
water pipes in another steel tank of 8000 gallons 
capacity. The oil is circulated between these 
two tanks, and a spray pond is used to cool the 
cooling water for re-use. 

The draw furnace (Fig. 5) is 21 ft. long, 5 
ft. wide inside, and the passageway is 18 in. high 
from rail to underside of upper duct. Walls, 
arch, and bottom are of substantially the same 
thickness of insulating firebrick and insulation 
as those of the high heat furnace, and the same 
type of walking beam conveying mechanism is 
employed. 

This furnace is of the recirculating hot air 
type and is equipped with two low pressure air 
heaters mounted on top. Each heater is pro- 
vided with single stage, low pressure-velocity 
tvpe burners, operating on air and gas at the 
pressures already stated. Heated air is recircu- 
lated throughout the furnace by two fans and 
appropriate ducts. The entry duct is located in 
the top of the furnace, and the hot gases pass 
directly into a chamber above the work formed 
by the arch of the furnace and a_ perforated 
chromium alloy plate equipped with dampers. 
The hot atmosphere passes through this plate, 
around the work, and out at the bottom through 
another duct equipped with dampers. Cool gases 
are then carried to one side of the furnace and 
up to the combustion chamber for reheating. 

The fuel consumption of this furnace is 
estimated at 1600 cu.ft. of 530-B.t.u. gas when 
heating at the rate of 2600 lb. of net work per 
hr. to a temperature of 1100° F. 

Electric motors of 5 hp. each drive the walk- 
ing beams of both furnaces; one of 2 hp. is pro- 
vided for the quench tank conveyor, and two of 
10 hp. each for the recirculating fan. S 
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The forthcoming & Convention in Philadelphia will feature a Symposium on 
The following paper on a very 


Controlled Atmospheres on October 23 and 24, 


practical aspect of the art of bright heat treatment is scheduled for the first 
day, but was received too late for preprinting in the usual pamphlet form 


Controlling Atmospheres 


to Avoid Coloration and Etehing 


PREVENTION OF OXIDATION is the objective of 
most applications of controlled atmos- 
phere furnaces for ferrous metals because of 
the great bulk of low carbon steel which is 
bright annealed in the form of sheets, strip, 
tubing, wire, punchings, and stampings. Low 
carbon steel assemblies are also furnace-brazed 
for this reason. Furthermore in numerous 
applications of “bright” hardening, the elimina- 
tion of seale is the only factor involved. Sinter- 
ing of pressed compacts of metal powder 
likewise requires suitable protective atmos- 
pheres. 

Sometimes the minimizing rather than the 
complete elimination of oxidation is of value 
where this is the best that can be hoped for 
as in the annealing of stainless steel stampings 
for kitchenware and refrigerator evaporators. 

The first 
ment of a protective atmosphere for preventing 


although not the only — require- 
or minimizing oxidation of ferrous metals is 
that it be free of uncombined oxygen. Most 
furnace atmospheres are mixtures of various 
gases, some of which contain combined oxygen, 
vet they can easily be so proportioned as to 
render ineffective the objectionable constituents 
and obtain the advantages of the desirable ones. 

By far the most common atmosphere 
employed is that formed by the partial combus- 
tion of hydrocarbon gases, such as coke oven 
gas, natural gas, propane, or butane. Because 
water vapor is produced in objectionable quan- 


Vetal Progress; Page 518 


tities when hydrocarbons are burned, it is not 
practicable to use the heat source of a fuel-fired 
furnace simultaneously as an atmospher 
source, if oxidation of the ferrous metals is ( 
be avoided. As a result, the atmosphere gas 
must be produced in a separate, self-contained 
unit arranged to remove a large portion of the 
water vapor. The heat source, if gaseous fue! 
is used, is then separated from the furnac 
atmosphere by the use of radiant tubes or 
muffles. If electric heat is used, the resistors 
can be exposed to the atmosphere and wil 
radiate their heat directly to the work. 

The products of partial combustion ol 
hydrocarbon gases (insuflicient input air to giv: 
complete combustion being used) make almos- 
pheres consisting of mixtures of carbon dioxide. 
carbon monoxide, methane, nitrogen, wate! 
vapor, and H.S and SO, if the fuel contains 
sulphur. An analysis of a typical atmospher 
so produced from coke-oven or natural ga 
would be 5.0% no oxygen, CO, 1.0 


H., 1.06 and the remainder nitrogen. -\s 
will later be explained at some length, it ' 
generally desired to keep the ratios H.0 © I 


By A. G. Hotchkiss and-H. M. Web! 
Industrial Heating Section 
Cieneral Ele: tric 


Schenectady N. Y. 
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CO as low as possible in order to 
the oxidizing tendency of H.O and 
o emphasize the reducing effect of H, 


hydrogen, or if the cooling-water temperature 
is so high as to fail to condense out enough 
of the water vapor—and particularly if the 
metallic charge in the heat treating furnace is 
very heavy and cools slowly through a low- 
temperature critical oxidiz- 
ing range — it may be nec- 


a 

nd condition is favored by operating 
the erter” (the device for generating the 
ys fol protective atmos- 

yhere) the lowest pos- 

sible vount of air. To 20 

ypoduce oXygen-free almos- 

nheres rom low ratios of 16 

put air and raw gas, it is 

ecessary that the air and 12 

vas be completely mixed 


und thal burners and com- 
hustion chamber of proper 
design be used. Firing into 
refractory beds materially 


Per Gent by Volume 


S 


essary to remove additional 
water vapor by low tem- 
perature refrigeration or by 
absorption dryers. 

The equilibrium curve 
for iron, and H., shown 
dotted in the second dia- 
gram, page 521, indicates 
that it would be possible to 
have a high content of water 


vapor at high temperatures 


‘ids the completion of the 
vas reactions. 

The first diagram shows 
the result of such “partial 
ombustions” — how the 
hvdrogen and carbon mon- 


carbon dioxide increases as 
the ratio of input air to gas B-- Reducing 


ncreases. It also illustrates 


the machine on a low ratio copper; 
un order to keep at the left 
side of the chart. The con- 
lent of water vapor in the furnace atmosphere 
scontrolled by passing these products of partial 
combustion through a= surface cooler, where 
moisture is condensed out generally to a dew 
point 10° higher than the temperature of (te 
cooling water emploved. 

(The dew point of a gas in degrees Fahren- 
veil, rather than the percentage of its water 
vapor, is commonly expressed because of the 
relative ease with which a dew point can be 
determined. For example, gas can be passed 
over a mirror equipped with a_ controllable 
means of cooling, and the temperature at which 
‘he moisture condenses on the mirror can be 
measured readily by a thermocouple and poten- 
‘iometer. This temperature is its dew point. 
“ontent of water vapor is determined from 
‘ppropriate tables or from the alignment cards 
on pages 570 and 571.) 


li many cases, a surface cooler gives sufli- 


ciently low water vapor and a favorable ratio of 
H.0 to He to produce bright work after heat 


eathent therein. But if the atmosphere-gas 
er is incapable of producing sufficient 


Air/Gas Rati 


Gas From an Atmosphere-Gas Converter 
Is Largely Nitrogen. 
remaining constituents for various ratios 
of input air to fuel gas (coke oven gas) 
uxide decrease and the A Reducing mixture for brazing and 
scale-free hardening; flammable. 
mixture for bright 
annealing or normalizing steel; this mix- 
ture is flammable. 

the desirability of operating ( —- Inert mixture for bright annealing 
non-flammable. 


4 5 


without oxidizing iron. But 
if this same ratio of H.O to 
H, were maintained during 
the cooling cycle, the steel 
would blue or oxidize at 
low temperature, the in- 
tensity of which would be 
determined by the cooling 
rate (time available). For 
example, if the gas mixture 
quoted toward the bottom 
of page 518, which contains 
15‘. H.. also should contain 
HO, then the ratio of — He would be 
approximately 0.25, At 1200° F. this point is at 
b’, and is well within the reducing range. How- 
ever at 975° F., we cross the equilibrium curve 
and enter the field of oxidation. 

If the atmosphere contains nothing but H, 
and H.O in the above proportions, it would be 
impossible to cool the steel below 975° F. with- 
out oxidizing its surface somewhat. But if we 
have a complex gas containing also CO and 
CO,, such as that obtained from the partial 
combustion of hydrocarbon gases in general use 
today, the situation changes. The theoretical 
equilibrium curve for iron, CO, and CO, (full 
line) has the opposite slope, crossing the other 
at about 1500° F. Therefore, with 5° CO. and 
10°% CO in the gas as well as the hydrogen and 
water vapor, the ratio of the carbon gases (0.50, 
plotted as B’—B) shows this pair of gases to 
be reducing, and increasingly so as the tem- 
perature decreases. 

It is therefore possible with this complex 
gas to cool steel down through the range below 


1000° F. without oxidation because the reducing 
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f the CO. CO combination overcomes tions, and its surface becomes roughened in the 


the lizing effect of the H,O/H, combination. process. This effect has been explained in detail be ‘i 
In ral, the atmosphere whose analysis has by A. L. MarsHacy in a paper in Transactions ‘e sa 
hee oted should have a dew point of + 70° F. ©. 1954, p. 605, entitled “Bright Annealing of ea 
op lee» for annealing in a bell furnace with a Steel in Mixed Gas Atmospheres”. A paper in co 
slow. ooling eyele, but the dew point might be the @ Symposium on Controlled Atmospheres, Bae. t 
a) ©. or more in a continuous furnace with 1941 by J. B. Austi~ and M. J. Day entitled J wets 
relat ely fast cooling and still produce bright “Chemical Equilibrium as a Guide in the Con- ay é 
surfaces. trol of Furnace Atmospheres” may also be con- 
e ratio of CO. to CO existing in the sulted with profit. ou; 
saseous mixtures commonly used for annealing Although sulphur in the furnace atmosphere . is 
steel is almost always favorable to a_ bright will discolor non-ferrous metals (an action ie 
product. But etching — evidenced by a gray which is sometimes confused with oxidation) Mg 
matte finish on the surface of polished steel it has no harmful effect on bright steel when 2 
encountered in the usual quantity. How- 4 mi 


ever, if the sulphur content of the hydro- 


carbon gas exceeds about 30 grains per 


100 cu.ft, enough of this sulphur should 
‘il j be removed to reduce if loa point below 
patios / 420 Ratios this value, in order to avoid both discol- 
for | a an oration of the work and corrosion of the 
600 Equilibrium } Equilibrium metallic parts handling the hot atmos- 
phere and of the heat resisting alloy and 
800 electrical resistors in the furnace. 
40C 
200 Dissociated Ammonia 
on Another mixture of gases sometimes 
used for preventing oxidation is dissoci- 
900 ated ammonia, which is formed by crack- 
300 ing anhydrous ammonia over a catalyst, 
ann at high temperature. This mixture con- 
/ 400 sists of 75‘. hydrogen and 25‘. nitrogen, 
B by volume, with extremely small amounts 
02 O4 O6 08 1D of water vapor and undissociated ammo- 
Ratro of Gases tn Mixture nia as impurities. Because of its’ very 


favorable ratio of H.O to H., this is an 


Theoretical Equilibrium Relations Between Iron, Oxide, 
excellent gas for bright annealing, both 


Hydrogen and Steam and Between Iron and _ the 


lwo Carbon Oxides at Heat Treating Temperatures from the standpoint of preventing oxida- 


LN tion (and also preventing reduction in the 


form of decarburization). 
Dissociated ammonia has been used 


innealed in batches — occurs in the 1000) to in the bright annealing of high carbon steel in 
1200" F. range if the CO content is too high and coiled strip, and in the strand annealing of 
the ILO is too low —— that is, if their amounts chromium-nickel alloy wire and narrow strip. 
ire too far from equilibrium with the CO, and The latter application requires the removal of 
H. in the mixture. the last traces of water vapor and ammonia by 
in other words, a small amount of water means of absorption dryers. Specially designed 
Yapor is required in these complex mixtures to air-tight retorts inside the furnaces and outside 
Maintain equilibrium between the component fittings are also necessary to maintain a high 
sases when they are at high temperature, other- degree of purity in the atmosphere. 
“ise (he component gases will tend to dissociate Purification steps are necessary to prevent 
‘id recombine to establish equilibrium, the the formation of selective chromium oxides, 
veces ary water vapor being formed as a prod- which are produced readily by CO. O., CO, or 
tel he steel acts as a catalyst for the reac- H.O, and which, when once formed, are not 
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reduced. For example, an alloy steel 


read 

con ing 1.0‘ of chromium, annealed in the 
ord y atmosphere quoted at the beginning 
of t article as suitable for low carbon steel, 


will ecome slightly discolored. Increasing 
amow ots of chromium will result in more pro- 
youn ed oxidation. However, with a_ highly 
purified atmosphere and a suitably constructed 
furnace, Chromium-iron alloys can be annealed 
and suill retain their bright finish. 

issociated ammonia is sometimes modi- 
fied for use as furnace atmospheres by burning 
itmore or less completely with air in an atmos- 
phere-gas converter, The resulting hydrogen- 
nitrogen mixture has a hydrogen content 
ranging from 380° to 1°, depending on the air- 
vas combustion ratio. The advantages of the 
vas are lower cost per cubic foot — due to its 
dilution with atmospheric nitrogen— and 
reduced flammability. 

livdrogen is used to a limited extent for 
atmospheres in small furnaces, such as those 
for bright annealing chromium-nickel alloys in 
strands and those for furnace-brazing tungsten 
carbide tools. For the former, it has to be 
purified of water vapor and oxygen to prevent 
selective oxidation of the chromium. 

Nitrogen is also used as a furnace atmos- 
phere at times, but not for bright work in large 
furnaces, because of the difficulty of maintain- 
ing suflicient freedom from oxygen and oxidized 
gases. Since nitrogen is inert, it logically fol- 
lows that to prevent oxidation the nitrogen must 
be pure and dry, and the construction of the 
furnace equipment must be adequate to main- 
lain this purity. Silicon steel sheets and strip 
are annealed at high temperatures (approxi- 
mately 1900° F.) in such an atmosphere, since 
brightness is not important to the product. 


Detecting the Source of Discoloration 


Clean, bright steel entering a controlled 
atmosphere furnace sometimes emerges dis- 
colored, and it is necessary to do a little detec- 
live work to learn the cause. 

Oxidation can be divided roughly into two 
classes — that produced at low temperature in 
the bluing range below 900° F., and that pro- 
(duced at higher temperatures. 

in the low temperature range, either oxygen 
or Walter vapor can produce oxidation or dis- 
coloration of the same appearance. Such dis- 
coloration generally takes place during the 
eyele. Gas analysis and dew point 


measurements will aid in determining which 
impurity is causing the trouble. 

Oxidation at high temperature generally 
goes beyond the bluing stage and results in 
etching or scaling. Oxygen tends to produce a 
light-gray to black, dull-appearing scale which 
loosens upon cooling, while excessive moisture 
produces a tighter oxide with a darker (some- 
times shiny) appearance. 

The position in the furnace at which oxida- 
tion occurs may be determined by examining 
the product. For example, if steel parts emerg- 
ing from a continuous furnace have a bright 
but etched or roughened surface, it indicates 
that oxidation from some source has occurred 
near the front of the furnace during the heat- 
ing-up period, followed by reduction of the 
oxide and proper protection from further oxida- 
tion during the cooling cycle. 

One method of determining the cause of 
oxidation is to put a test piece of bright copper 
through the furnace with the steel. Copper is 
oxidized by O. but not by H.O, so its behavior 
as compared with that of the steel should give 
a good clue as to the culprit. One should not 
be misled, however, by a sulphur discoloration 
which might be mistaken for oxidation. For- 
tunately, these two types of discoloration can be 
identified, since the oxide is readily pickled off 
by dilute sulphuric acid, while the sulphur dis- 
coloration is not. 

If oxygen is thought to be the offender, it is 
logical to look for air leaks in gaskets, welded 
joints, pipe connections, or around the doors 
(especially below the hearth level). Sometimes, 
in continuous furnaces, extra gas is supplied to 
counteract the tendency of drafts in the room 
to blow air into the cooling chamber. 

If water vapor is the offender, the surface 
cooler of the atmosphere-gas converter should 
be examined to learn whether it is functioning 
properly. Also look into the condensate trap or 
pipe lines to make sure that they are not filled 
with water. The cooling chamber of a continu- 
ous furnace should be checked to make certain 
that it is warm enough to prevent condensation 
of water vapor on the inner lining. Such mois- 
ture might subsequently be vaporized by the hot 
work, and discolor or scale it. Terminal stuff- 
ing boxes in the heating chamber, gaskets, and 
room drafts should be checked to see that infil- 
tering air, which combines with the hydrogen at 
the high temperature to form water vapor, is 
climinated or minimized. 

In batch annealing of heavy loads, discol- 
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| 
Hardness Conversion for Hardened Ste.ls | 
By Howard Scott and T. H. Gray, Westinghouse Electric & Mfg. Co. | 
Rockwel) Hardness Brinell Herdness R | 
S (Fram Wilson Mechanicel wS tee/ Bali 28} 
ES 228 | | nstrument Co. Chart ha38)| £33 (From 48M. Me 
B88 | 5§ | 83a Handbook, 1939 
ot 2a [Diameter | Haroness |Diemeter | Se. 
IS-N Scale | 30-N Scale\45-N Scale} Number in mm. Number mmm. Number 
DPH Ro R, 15-N | 30-N | 45-N Se/, Mon. BHN mm BHN mm. BHN mm. |T8an | 
48 414 300 Oc | 
74 56 57 58 444 —— 290 444 —— 290 444—4— 290 
500 A= — 64 — 
4— 55 — 194 27 ~ 
— — — — 495 —— 275 
— 550 — 57 — = 514 270 
54 78 72 20 ‘oe 
- = 63 73 6/ —_ 72 575 255 - 
= — - 67 go—t— Thickness of Stock Required for Accunac 
61 29 678 —1— 255 (Ten Times the Depth o impression pinches! 
ons OE 8 230 || 200] | 0.038 | | 0015 | 0040 | 
800 — — 835 — 71+ — 9g 300 | 0.014 | 0037 | 0059 | | 00% 
= = = —— 2.25 500 | 0.011 | 0.024 | 0044 | 0.007 | 002 | 
850 66 845 925 > = 600 | 0.010 | 0.022 | 2.038 | 0.006 | 0018 | 00 
= = 700 | 0.0092 | 0.020 | 0.033 | 0005 | 001 | - 
900-—+— F—102 800 | 0.0086 | 0.019 | 0030 | 0.004 | 0013 — | 
= = 900 | 0.0081 | 0.018 | 0.027 | 0.003 | 0012 | - 
— 95.5 1000 | 0.0076 | 0.017 | 0025 | 0.003 | 20K 
=> = > 775 “in. stock. Scieroscope numbers vary Size; 
= = 86 = 775 == — given are for }-in. pieces 
In operating any test machine, follow manu- to bottom of impression. (An exception is (hal 
facturer’s instructions and check frequently Rockwell test values for shallow hardened | | 
against test blocks. Major causes of discrepancy: may be 1 or 2 points higher than by conve n | 
(a) decarburized skin, (b) specimens too thin, (c) from DPH.) For sintered carbides (DPH {%° ‘to | 
off-standard indenters, (d) inaccuracy of machine. 1700) with much higher modulus the rel: S 
Above conversions are for steel, irrespective between DPH and Re may be computed } 
of composition and structure, up to its maximum DPH 2445x108 
hardness, and for any other material having about (B— Re)? wherein constant B is | 
30,000,000 psi. elastic modulus, uniform in depth carbide (120 for steel). 
— 
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oratii may occur in the summer as the result 
of an -nerease in cooling-water temperature in 


ihe s vface condenser of the converter. The 
effect of this would be to increase the H.O in 
the a. nosphere with no increase in H, to com- 
pense e for it, and slow cooling through the 
critical bluing range may result in discolora- 
tion. (0 this event, installation of a refrigerated 
cooler will probably reduce the water vapor in 
the gas to a point where bright annealing can 
again be obtained. 

Parts that are being hardened scale free 
from controlled atmospheres by quenching 
from the discharge end of a conveyor through 
a chute sealed in oil (in order that contact with 
the air will be avoided) are generally free from 
oxidation. Sometimes, however, they are found 
to be discolored. This discoloration may be a 
carbon film or it may be a film of dirt result- 
ing from heavy oil or dirt that was on the parts 
before they were placed in the furnace. This 
sludge deposit can usually be rubbed off, leay- 


ing a bright surface. 


Surface Colors Obtained by Quenching Carbon Steels 
in Mineral Oil Containing Water or Air as Impurities 


circulating it to allow the steam to escape. 

If carbon steel parts are clean when they 
are placed in the furnace, if the atmosphere 
within the furnace is right, and if the quench- 
ing oil is clean and free from air and water, 
even those of heavy section can have perfectly 
bright surfaces after hardening. It must be 
remembered, however, that alloy steels with 
1% or more of chromium will be dark after 
treatment in the normal protective atmosphere. 


Discoloration After Treatment 
in the Furnace 


Metals coming from controlled atmosphere 
annealing or brazing furnaces are usually bright 
and dry, and free from any protective oil coat- 
ing which they might normally have otherwise. 
This leaves them vulnerable to subsequent 
attack by the water vapor, oxygen, and impuri- 
lies in the air. Accordingly, it is customary to 
see that they go immediately into the next step 
of production and that they are soon given a 
protective coating of oil or a suitable 
surface finish. 

In a few cases the work is delib- 


erately discolored as it) emerges 


NESS VoLuME WaTeR IN QUENCHING OIL 


OF SAMPLI 


O.005 0.05 0.20 
0.010 in. Bright Bright Bright Straw 
0.040 Straw Deep Blue 

Straw 

0.125 
0.250 to to to to 
0.50 | 
0.75 Blue Deep Blue Blue Dull 


Black Black 


Deep Blue Bright 


ATEN from the furnace in order to provide 


an oxidized finish which has a rea- 


ae sonably good resistance. Bright steel 
righ 
tubing that is subsequently passed 


through a bluing oven is a typical 


Straw example. In other instances, mal- 
to leable castings are discharged from 
Deep the furnace while so hot that they 
Straw will oxidize. The latter arrange- 


*At this concentration the oil changed from its 


natural color to a brick-red color. 


A discoloration that is a true oxide film is 
caused by either water or air in the quenching 
oil. A series of tests given in the attached table 
on plain carbon steel quenched in mineral oil 
indicated that discoloration caused by water or 
air, or by both, increases with the cross-section 
of the piece and with the temperature at which 
the work is quenched. 

This discoloration from the quench may be 
uniform, it may appear as splotches or it may 
be on only one side of the piece. Water is the 
cause of most discolorations and may come 
‘rom condensate or leaks. Air sometimes enters 
through packings on circulating pumps and 
4ppcars as foam on the surface of the oil. 
Water can be removed by boiling the oil and 


ment, although lacking the retine- 
ments of control of the bluing oven, 


saves considerable floor space. 


Lubricants on Work 


Metals which have been processed prior to 
being placed in controlled atmosphere furnaces 
are generally coated with lubricants, such as oil, 
grease, soap, or lime. It is generally best to 
remove these lubricants before charging the 
parts into the furnace. Discoloration from these 
lubricants is sometimes confused with oxidation 
and, therefore, this subject deserves separate 
consideration, 

All lubricants decompose at the high tem- 
peratures of heat treatment. If the lubricant is 
not sufliciently volatile to pass off in the fur- 
nace atmosphere, it is likely to leave a deposit 
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on the heat treated work. This 
might necessitate a subsequent 
cleaning operation; in such 
cases it is obviously better to 
do the cleaning before the 
work enters the furnace. 
Sometimes one may choose 
a grade of lubricant which has 
suitable lubricating character- 
istics and, at the same time, is 
sufficiently volatile not to 
impair the surface finish as the 


means of elevators to ke. the 


light gas in and the heavy a) oy. 
Bearings for roller hearths ys, 
be installed gas-tight. If th re jx 
more than one opening ji) the 


furnace, they must be at the same 
level to avoid a chimney effect 
which would draw air in. If drafts 
in the room are excessive, the 
furnace must be blocked off at the 
ends by screens or be completely 
enclosed. End doors may “ 


work passes through the fur- 
nace. For example, the oil is 
usually partially removed from 
cold-rolled steel strip by pass- 
ing the strip through carpet wipers, air blasts, 
or some similar arrangement. The remaining 
film is usually innocuous on coils. On the other 
hand, stampings made therefrom which are to 
be bright annealed or furnace brazed are gen- 
erally given a caustic wash or other degreasing 
treatment to remove lubricants completely. 


Gas Consumption 


Furnaces using controlled atmospheres 
have a number of construction features not 
incorporated in furnaces open to the air, These 
are essential to prevent loss of gas and to mini- 
mize entrance of air which would upset the 
control established by producing the desired 
atmosphere in a separate unit. 

For example, bell type furnaces are 
equipped with seals filled with water, oil, sand, 
shot, or chrome ore. Casings of controlled 
atmosphere furnaces are welded gas-tight, and 
their top plates, if removable, have gasketed or 
pitch seals. Furnaces charged and discharged 
from the ends have flame curtains to supply 
velocity barriers and to burn out oxygen from 
infiltering air; they sometimes also have asbes- 
tos curtains and exhaust hoods over the doors. 
Doors fit snugly by means of sloping fronts with 
ground surfaces, or by wedging devices or 
clamps. Stuffing boxes are provided where 
heating element terminals, radiant tubes, and 
door-lifting rods pass through the furnace cas- 
ing. The joints between the heating chamber 
and the cooling chamber sections are welded 
gas-tight or fitted with gaskets. 

Vestibules or front extensions are fre- 
quently employed to provide air-locks which 
can be purged readily. Furnaces are sometimes 
charged and discharged from underneath by 


mechanically operated for fast 
action in order to minimize the 
intervals during which they are 
open, and they are usually inter- 
locked in such a way that only one door can be 
open at a time. 

After the designer has taken all these fae- 
tors into account, he generally relies on the 
experience gained from former installations to 
estimate the gas consumption for the furnace 
atmosphere. He also takes into account special 
factors relating to the individual problem at 
hand. For example, additional gas is sometimes 
required to purge out vapors from oil on the 
work that is being annealed or from carbona- 
ceous binders used in parts that are being sin- 
tered. In furnaces with large door openings, 
loss of the entire atmosphere may be expected 
‘ach time the door is open. Hence, suflicient 
atmosphere-producing capacity should be pro- 
vided to purge the furnace quickly, so that ther 
will be a good atmosphere around the work by 
the time the work gets hot. In general, it takes 
four to five volume changes to purge a chamber 
effectively. In estimating the atmosphere con- 
sumption of bell furnaces with sand seals, pro- 
vision for a loss of 5 cu.ft. per hr. per lineal f! 
of seal is often made. 


Heating and Cooling Methods 


Since practically all heat treatments of fer- 
rous metals are at relatively high temperatures. 
radiant heating is by far the most eff 
method of conveying the heat from the soure' 
to the work. In most designs convection it- 
ing seldom plays an important role, Electr 
resistors or radiant tubes are mounted insi: 
furnace in such a way as to radiate thei 
directly to the work; muffles are also some) nie 
used to separate the heat source from thi 
lively stagnant atmosphere. 


(Continued on page 536) 
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FOR STEEL PRODUCTS 


PATENTED 


REDUCES WEAR 


“7, 


This attractive BLACK finish actually penetrates into 
the steel. The quality of its rich appearance is en- 
hanced by natural durability and rust-resistance. As 
an integral part of the steel it cannot peel, chip, 
crack, craze or rub off. ¢ © « POSITIVELY NO BUILD- 
UP or size change of the part treated, making Pen- 
trate an ideal application for bearings, precision work 
or close assembly parts—and renders PROVEN FRIC- 
TION REDUCTION and WEAR RESISTANCE on 
moving surfaces. © © * Economical, easy to operate, 
this Government approved LOW TEMPERATURE 
bath can be fitted quickly into your production line. 


PENTRATE MATERIAL SHIPPED IMMEDIATELY FROM 
STOCK. NO WAITING—NO PRIORITIES NECESSARY. 


HEATBATH CORPORATION 


SPRINGFIELD, MASSACHUSETTS 
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SCALE AND 
OXIDE REMOVAL 


Mow? By Installing the Bullard-Dunn Process 
Ww hy? Long Experience has shown that: 


1. It cleans ard descales rapidly without dimen- 
sional changes. 

2. Itcan be conveyorized either alone or with 

other associated processes such as plating. 

It reduces spoilage. 

4. It shortens grinding operations, lengthens 
wheel life, reduces frequency of wheel 
dressing. 

5. It facilitates inspection and assembly. 

6. It assures the best preparation for plating. 


The Bullard-Dunn Process is being used by 
many well known companies to speed up de- 
fense production. Let us show you how it can 
also help you. Write for bulletin today. 


The Bullard-Dunn Process Division 


of The Bullard Company 
BRIDGEPORT, CONNECTICUT 


4 
“Uh 
/ FULL-AUTOMATIC, 
COMPACT 


Atmospheres 


(Continued from page 526) 

Several methods are used for cooling the 
work, the choice depending upon the type of 
furnace and the metallurgical treatment 
involved. Most continuous furnaces have water- 
jacketed cooling chambers, 2% to 4 times as 
long as the heating chamber, depending upon 
the nature of the work with respect to its ability 
to give up its heat by convection. This, no 
doubt, plays the most prominent part in the 
cooling cycle. If it is desired to minimize the 
rate of cooling at the high temperature end of 
the cycle, an insulated cooling section is some- 
times installed adjacent to the heating chamber, 
followed by water-jacketed sections. If work 
is to remain bright after it leaves the cooling 
chamber, it should emerge to the outer atmos- 
phere no hotter than about 300° F. 

Bell tvpe furnaces are commonly equipped 
with fans in the bases to circulate the atmos- 
phere in order to shorten the cooling eycle and 
minimize the number of bases required. Water 
sprays are played on the outside of the retorts 
to take the heat away as fast as it is given up 
by the work inside them. Sometimes water is 
directly sprayed on work traveling through con- 
tinuous furnaces, care being taken to see that 
the work emerges at a temperature above 200 
IF. so it may dry itself. 

In order to accelerate the cooling of work 
within a heating chamber of a batch type fur- 
nace after the heat is cut off, a recirculating 
system is sometimes emploved, by means ol 
Which the hot gas is drawn from the chamber 
through an external surface cooler and blowe! 
and forced back into the chamber. This greatly 
improves the normal rate of cooling and 
increases the capacity of the furnace. 

Retarding the rate of cooling of a stack ol 
high carbon steel coils within a retort is accom 
plished (after the furnace is removed) by drop- 
ping an insulated hood over the retort for @ 
while. Later, this hood is removed and (|\\ 
retort is exposed to the air for air coolins 

Protective atmospheres have been us¢ 
successfully in furnaces for the preventio 
oxidation that the metal working industry 
uses them wherever they are practical. 
result, production is speeded up, quali 


improved, and important savings are realize 
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Kren ‘hough the production, per machine, of similar forging equipment 


app 


iches twice that of the 1914-1918 period, the principal contribution 


of th forging industry to the greatly expanded shell program is the ability 


a Events in Evrore which forced a condi- 
tion of “national emergency” in this coun- 
try, with the possibility that war may be thrust 
upon us, has focused considerable attention to 
the production of shell on a war basis. This, in 
turn, brings up the question of the ability of 
American industry to expand its production of 
shell to the required quantities when necessity 
should arise. Since foremost among the meth- 
ods of producing shell bodies is the forging 
method, the technique of shell forging has been 
in the limelight during the past vear or two, 
and a number of articles have appeared in the 
various trade and technical journals describing 
several methods for their production. Perhaps 
the biggest question is, particularly in the minds 
of those who well remember the efforts of the 
lirst’ world war, whether we have made the 
hecessary progress in production methods to 
avoid the troubles of the past. 

Broadly viewed as a projectile, the shell is 
called upon to serve in one of two basic capaci- 
lies. It may be used as shrapnel shell where 
the shell is designed to burst into a great num- 
ber of pieces, or it may be designed to remain 
an integral piece for armor piercing prior to 
explosion for demolition. From the viewpoint 
of the shell manufacturer, the production prob- 
lems in either case are much the same, although 
shrapnel shell has been most discussed, prob- 
ably because it is used in greater quantity. 
Shrapnel shell, in order to obtain maximum 
lragmentation, must have a uniform metallur- 
gical structure throughout the shell body, for if 
e are any sections or lines of weakness, the 


sting pressure generated by the charge would 


ce blanks of such accuracy that the cavity needs no machine work 


Forging of Shell 


relieve itself through these points of weakness 
and cause poor fragmentation. The forged shell 
offers the desired uniformity of structure. This 
permits the design of shell which offers mavxi- 
mum effectiveness, based upon the shape as 
designed and upon the use of the most desirable 
composition of steel, 

During the first world war, shell steels were 
usually straight carbon steels with the carbon 
content ranging from about O40 to 0.55°), pro- 
duced by the openhearth process. The neces- 
sary physicals were obtained by heat treating 
the forgings to definite tensile properties which 
ran a minimum of 90,000 psi. ultimate strength, 
15,000 psi. vield point, 20° elongation and 50% 
reduction. Due to the inability of forging equip- 
ment of that period to work to the closer dimen- 
sions of today and because a certain amount of 
warpage was encountered in the heat treating 
operations, it was necessary to allow a generous 
amount of metal on all surfaces for machining. 
The June 1918 issue of Machinery lists 68 
machining and inspection operations required 
for the 75-mm. shells of that day. Allin all, the 
forging, heat treating, and machining on all 
inside and outside surfaces made production 
slow and expensive 

The more precise metallurgical knowledge 
in our present period offers a considerable 


By Weldawer Neutoks 


Chief Engineer 
17 I 
The Stee improvement & 


} 


Cleveland. Ohi 
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hig. 1 Diagram of Standard 
Forging Method of 1911-1918 
Using Three Operations in 
Hammers or Hydraulic Presses 


advantage in the selection and use of steels. 
Suitable alloying permits better fragmentation 
properties and eliminates much expensive heat 
treatment. This, in turn, removes the warpage 
previously encountered and reduces the amount 
of stock on the forging necessary for subsequent 
machining. Metallurgy has studied and taken 
advantage also of fiber or grain structure in 
forged steels and present processes incorporate 
the positioning of the fibers so they serve to the 
best advantage. For example, the fiber struc- 
ture in the armor piercing shell can be forged 
to the contour of the shell nose, and this greatly 
increases the resistance of the nose to deforma- 


tion upon the instant of contact. 


The position of American industry 


ability to produce for any emergency | est 
pictured by glancing backward to method sed 


during the days of 1914-1918. At the sj of 
the World War knowledge of shell forgi) 
quite limited in this country and a consid: 
period of experimentation and education » 
industry was experienced before standard th- 
ods were commonly adopted. This period also 
existed among the manufacturers in Eneland 
and even in France. The basic forging equip- 
ment available then was, in general, the same 
type available today, and this includes the drop 
hammer, the upsetter, the mechanical press 
and the hydraulic press. However, the equip- 
ment was light and slow in comparison to 
today’s standards and the forging knowledge 
was much more limited. In addition, the highh 
developed die and toolsteels of the present day 
were lacking, together with knowledge and 
suilable equipment for their use. The forging 
machine, or upsetter, was not considered or used 
for shell forgings; the principal method was the 
use of presses. 

Perhaps the commonest method used early 
in the 1914-1918 period was to prepare a suil- 
able pierced blank in the steam hammer and 
draw this blank in a press. To do this the 
heated billet was placed in a die pocket (as 
sketched in Fig, 1) and the punch guide fitted 
over the top of the die. The punch was then 
driven in sufliciently for a start, withdrawn to 
take away the guide, and then driven in again 
to the desired depth. The blank or cup was 
then reheated and drawn to shape in one opera- 
tion in a large press. This was followed by a 
sizing operation through draw rings. — Later, 
this three-step method was improved by using 
presses entirely, generally one press for piercing 
a blank in one press stroke, and then drawing 
the shell in a second press in a drawing opera- 
tion. These methods of course gave a shell with 
evlindrical exterior, and cavity tapered much 
or little from nose to base. 

The “bulldozer”, which is a horizontal type 


of press with considerable operating room, was 
also adapted to produce shell, wherein th 
operations (piercing and drawing) were Core 
in the one machine. Two sets of tools were 1 
porated so that one set of punches could } 
off while the other set was in production. 

By 1918 a number of other methods d 
also been tried. Perhaps the most used me! 0! 


eventually required two presses. The 79 
shell, which offers a standard of compa! 
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Toolsteels for Hot Working Iron and Steel 


By H. E. Replogle, Universal-Cyclops Steel Corp. 


Req: ‘ements for All Hot Work Tools: 


sufficient toughness to resist working stresses. 


2 such composition and in such heat treated con- 
tion as to resist softening when in service. 

3 » have adequate wear resisting properties to assure 
rmal, economical life. 

4 f such composition and heat treated condition as 


wholly or partially resist the tendency towards 
eat or fire checking. 


Influence of Design: 

1. Wedge designs, sharp corners and thin sections pro- 
ote chances of breakage and require inherently 
ougher compositions, usually secured through lower 
otal alloy content steels. 

2. Designs including raised sections partially or wholly 
buried in hot metal require types of higher red hard- 
ness and may not require as high toughness char- 
acteristics as other wedge designs. 


Importance of Mechanical Set-Up: 

1. All forging dies should be properly lined up. 

2. Machines should be true to assure uniform applica- 
tion of pressure or impact. 

3. Dies should be so adjusted in hand fed and auto- 
matic forging machines as to prevent excessive pres- 
sure being developed on the faces of the dies, thus 
decreasing probability of fatigue failures. 

4. Dies should not be mounted in worn or warped shoes 
or holders. 


Importance of Adequate Preheating: 


1. Well warmed dies and tools are less susceptible to 
cracking. 


Recommended Compositions, 


Analysis, % 


2. Minimum temperatures secured through use of buried 
unit heaters in certain types of drop forging dies pro- 
long service life and retard heat checking. 


Importance of Cooling: 
1. Methods of cooling—Air, Oil, Water. Retards local- 
ized heating which may exert a tempering and soft- 
ening action. 
a—Air cooling least drastic—applicable to all types 
of tools. Also serves to blow away scale which, 
if present, will cause undue wear of dies 

b—Oil cooling—somewhat more severe and rapid but 
rarely detrimental to any tool or die 

c—Water cooling—most effective, but very drastic and 
often dangerous. When large dies attain high 
temperatures, water cooling tends to cause heat 
checking. Punches and small dies are often suc- 
cessfully cooled with an ample flow of water 


Influence of Die and Tool Lubrication: 
1. Heavy graphite bearing greases serve as lubricants 
and prevent sticking. Usually assures better wear 


Quenching: 

Among the data given below are recommenda- 
tions as to the quenching medium; oil, air and “oil 
& air”. The words “oil & air” signify an interrupted 
or timed quench. With this method, a tool or die is 
quenched in oil to a temperature of about 1000° F., 
or where all color disappears. When this state is 
reached, the tool or die is removed and allowed to 
cool naturally in still air until cool enough to be 
handled in the bare hands. It should then be drawn 
as directed. 


Heat Treatments and Hardnesses 


Heat Treatment ( F.) 


Brinell 
( Min Si Cr \ W Mo Pre-Heat High Heat Quench Draw Hardness 
Insert Dies in Upsetters 

0.55 0.25 — 1.2: 0.18 2.75 cou 1400 1750 oil 1200 400 to 450 

0.30 0.40 1.00 5.00 she 1.30 1.45 1400 1850 Air 1100 400 to 450 

0.30 0.30 3.25 0.25 9.00 1450 2150 Oil & Air 1200 400 to 450 

0.25 0.20 — 4.00 0.50 15.00 1550 2350 Oil & Air 1200 400 to 450 

0.40 0.60 1.50 7.50 _— 7.50 1550 2100 Oil 1250 400 to 450 

Presses, Preloaded Dies 

6.40 0.30 1.75 0.18 11.00 1550 2150 Air 1100 539 to 578 

0.45 0.30 2.75 0.40 15.00 1550 2200 Air 1150 539 to 578 
Gripper Dies for Hand Fed Machines 

0.55 0.25 oan 1.25 0.18 2.75 — 1200 1750 Oil 1100 450 to 500 

0.55 0.30 0.40 4.00 1.00 wea 0.50 1200 1650 Air 800 450 to 500 

0.30 0.30 es 3.25 0.25 9.00 1200 2150 Air 1150 450 to 500 
Gripper Dies for Automatic Machines 

0.30 0.40 1.00 5.00 eer 1.30 1.45 1400 1850 Air 1050 444 to 526 

0.55 0.35 er 4.00 1.00 — 0.50 1200 1625 Air 1000 444 to 526 
Header Dies for Hand Fed Machines 

0.55 0.25 1.25 0.18 2.75 1200 1800 Oil 1225 430 to 461 

0.30 0.30 3.25 0.25 9.00 1450 2150 Air 1175 430 to 461 

0.30 0.40 1.00 5.00 xed 1.30 1.45 1400 1850 Air 1100 = 400 to 450 

0.4¢ 0.60 5 7.50 d 7.50 1550 2100 Oi 1250 400 to 450 
Header Dies for Automatic Machines 

0.5 0.25 rate 1.25 0.18 2.75 saat 1200 1800 Oil 1250 388 to 429 

0.3 0.40 1.00 5.00 oe 1.30 1.45 1400 1850 Air 1100 400 to 450 

0.4 0.60 1.50 7.50 7.50 ae 1550 2100 oil 1250 400 to 450 

Forging Punches 

0.3 0.30 ee 3.25 0.25 9.00 isin Se 1500 2250 Oil & Air 1175 425 to 450 

0 0.40 1.00 5.00 ciate 1.30 1.45 1400 1850 Air 1100 400 to 450 

v.49 0.60 1.50 7 7.50 1550 2100 oil 1250 400 to 450 


‘he above data do not represent all of the types being 
sec for the various applications listed, nor do they repre- 
en! the only heat treatments or hardness values for these 
ty] Neither do the above listings include flat, cut and 


swaging dies used in beam, steam or air hammers. How- 
ever, the types and treatments listed represent the broadest 
general selections being used commercially today in the serv- 


ices noted 
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75-Mm. Shell in Six Operations in Ajax Forging Machine 


made use of this. The French added a_ third 
operation, that of cold drawing the 75-mm. shell 
forgings to closer dimensional tolerances which 
considerably reduced the amount of machining 
necessary to make the finished projectile. 
Larger caliber forgings, such as the 8 in. and 
the 9.2 in., were produced by making the cup 
blanks and then performing the draw opera- 
tions in large horizontal draw presses called 
“draw benches”. 

The passing of the years has seen a vast 
amount of work directed toward the mass pro- 
duction of forged shell of small and large sizes 
to advanced metallurgical requirements. Army 


- Dies (Open) and Piercing Punches for Forging a 


and Navy ord; 


ce 
departments have oth 


been unceasing in 
efforts to develop ins 
for future emerge: jes. 
and the present 
tions have justified | |yeip 
work. The advance in 
metallurgical experi- 
ence in the past two 
decades; the heavier. 
more rigid and rusved 
forging equipment hay- 
ing greater adaptability 
and speed; the years of 
experience in the use of 


superior metals and the 
operation of equipment 

all have done much 
to make the production 
methods of today far 
superior to those of vesterday. 


Shells Made by the Upsetter Method 
in the Forging Machine 


The forging machine, or upsetter, which 
was not in the shell picture some 20 years ago, 
is now well in the foreground for producing 
complete forgings in sizes up to the 105-mm. 
shell. This does not indicate that larger sizes 
cannot be produced by the upsetter method, but 
the capacity of forging machines in sizes over 
5 in. is limited, and it has been found desirable 
to use these large machines for other defense 


hig. 3 75-Mm. Shell Forgings (Split on Center Line) as Made in Five Operations in Hill- Acme Machine 
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ads. ther suitable methods are available 
| eger shell forgings. 
fhe upsetter method has been developed to 
ike th 75, 90, and 105-mm. shell forgings and 
ia (8l-mm. trench mortar forgings. They 
eprocuced to close tolerances and the powder 
vities are held to such size and smoothness 
{no internal machining is required. The 
lowance for finishing the outside and ends is 
ery small. 


As is doubtless well known, the forging 


in the first position, trip the foot lever which 
starts operations, the machine begins the forging 
cycle of the first forging pass by sliding the 
movable die against the stationary die to grip 
the stock. 
motion of the header slide through the rotation 
of the crank shaft. The punches are fixed in 
the header slide and the punch in the first pass 


The evyele continues by the forward 


pushes against the stock not gripped tightly by 
the dies to move the plastic metal into the die 
The evele is completed 
the 


cavity provided for it. 
as the header slide recedes and movable 


die returns to the open position, 


machine basically is a double-acting horizontal 
yess. Heated stock is placed in the machine in 

% 

hig. 4 


Steps in Forging the 81-Mm. Trench Mortar Shell by the Upset Process. (Courtesy Hill- Acme Co.) 


‘ horizontal position and a moving die slides 
The 


piercing or nosing punch is actuated by the 


igainst a stationary die to grip it tight. 


crankshaft of the machine; a connecting rod 
id slide moves the punch against the hot plas- 
‘i stock, and that portion which is “in the open” 
‘ pushed into a cavity in the die. There are a 
‘eries of working operations called “machine 
sses” or “steps”; Fig. 2 at above left shows 
‘he group of dies and corresponding series of 
displace 


or piercers which move or 


‘Hela’ into a desired position. 


’rocedure is to place the hot forging stock 


The forge man then rotates the stock 90' 
from its original position and drops it into the 
second die impression directly below the first. 
The foot pedal is again tripped and the second 
forging cvcle goes forward. Five working 
passes or steps are used for the 75-mm. shell 
forging shown in Fig. 3.) For the trench mortar 
tvpe of nosed forging, six or seven steps are 
required (Fig. 1). In making the 75-mm. shell 
forging, the first step upsets a short portion of 
the stock, and sometimes imparts a centering 
hole. The second forging step produces about 


one-third of the necessary cavity, the third forg- 
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Rules Governing Forging Maehine 1 ie. 


(Adapted from E. R. Frost; Courtesy National Machinery Co.) 


Rule I— The limiting length of unsupported Rule IV—Large amounts of stock can pe 
stock that can be gathered or upset in one blow gathered by multiple application of Rule 1 ang 
without injurious buckling is three diameters. III, and by using square or tapered impressions 

. Note (a): In making the wide flange in sketch 
et <Fo/t+>| left, below, the first and second impressions a) Within 
J the 1'2d limit, but the third, being a short upset under 
a 6 Rule I, is unlimited in diameter. 
. 
Heading H Note (b): The side of the square may be 1'4¢ of 
Too/ ft é > T the original bar, and the diameter of the next round 
hh Gripping Die may be 1% times the diagonal of the square. 
Note (c): Tapered holes are proportioned as to 

Note (a): A safer maximum length is 2%d; their diameters at midlength of unsupported stock. 
little attention need be paid to squareness of 
end if l=2d. If l>3d, buckling will occur = ey 
near the middle of the unsupported length. These of Square 
principles hold irrespective of whether the stock | | A=ztio 
overhangs the face of the gripping dies, or 4 ( 
whether any portion is gathered in either grip- 1 = K \ 

ping dies, heading tool or both. 

Rule II— Lengths of stock more than 
3d can be gathered or upset in one blow H | 

provided the upset is contained in either ‘ ( 
the gripping die or a straight or slightly ( 
tapered hole in the heading tool, and the ' \ 
diameter of the upset made in that blow Lt 
is not more than 14d. 

Note (a): Multiple buckling will be checked 
by contact with sides of the die, and friction Heading Tools \ 
therewith will cause a fin to form around end of A 
upset. Such long upsets cannot be made half . 
in one die and half in the other, for central Heading Gripping Die Gripping Die 

/00 


00/ 


buckle will receive no side support. 
Note (b): A safer maximum is 1.3d, and if Rule 
I is also applied, the upset will be free from end fins, 


Rule V —Sliding dies, for upsetting stock at 
some distance from the end of a bar, are 
governed by all the above rules. 


max. 

¥ is J Note (a): Friction along the sides of the sliding 

iS | | ' d A die will favor upsetting near its front end, so multiple 


— impressions should be alternately in front and rear 
oa > half, or alternately in sliding die and gripping die, as 


omg Gripping Die shown in sketch below. 
Note (c): For very long upsets, it is helpful [<--> 
to have the end of the bar at a lower temperature, and | 
to have a minimum diameter upset for the outer half of | K+ _! 


the die, the inner half tapering 4° to wider diameter 
at the base. 

Note (d): In upsetting tubing, wall thickness can- 
not be increased externally more than 25% at one 
blow; internal upsets are almost unlimited because 
arch effect prevents internal buckling. 


Q 

k— 


a Gy eat ~ 


Rule III[— For upsets requiring more than 


3d in length of stock, and in which the upset is = 
114d, the amount of unsupported stock beyond “ — 
the face of the die must not exceed 1d (opera- > 
tion 1, at right). J 
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nereases the cavity to about two-thirds 
| length, the fourth pass obtains about 


of its 
the ength and nearly the full volume, and 
the f pass forges the full volume and sizes 
the ng. The trench mortar type of shell 
forg equires an extra pass for nosing-in. 

iis point, it is well to observe the change 
in f ng technique between 1914-1918 and 
1941 , any of the early methods, the piercing 
punch was used to produce the cavity by mov- 
ing or displacing the metal in a direction oppo- 


site to that of the travel of the piercing punch. 
fhe modern method is to displace the metal by 
moving it sidewise of the punch. It is evident 
the older method of forcing hot metal to move 
in a direction against the punch movement 
required greater power and caused considerably 
more wear on the dies and tools. Furthermore 
the grain structure of displaced metal squeezed 
sidewise is stronger and more uniform than that 
of the old “extruded” metal (Fig. 3, page 546). 

General practice with the forging machine 
is to provide round bar stock of proper diameter 
cut in lengths for two shells. While the first 
end is being forged the second is used for the 
tong-hold; later when the second end is heated 
and being forged, the forging is used for the 
long hold. Dies are designed to squeeze and 
neck-down the stock in the center when they 
close during each forging cycle, and since the 
stock is turned 90° for each pass, a small con- 
nection holds the two completed shell forgings 


together. This small connection is then easily 
trimmed off. 

Dies and punches become heated under 
production conditions. The dies are of suflicient 
size that most of the heat is dissipated without 
special equipment other than the aid of air 
cooling. Piercers become quite hot and various 
means are employed to cool them, the most 
common method being to use water, either 
doused on by a helper or sprayed automatically; 
generally they are also swabbed with a_ hot- 


die lubricant. 
Hydraulic Presses for Shell Forgings 


The same types and sizes of presses which 
became standard for shell production during 
the first world war are fundamentally the same 
presses which serve our needs today, but many 
improvements have increased production, pro- 
longed die and tool life, and reduced the num- 
ber of rejects. Hydraulic press speeds have 
been increased considerably, and the newest 
machinery incorporates many features unheard 
of two decades ago. The present technique is 
to use square billets with rounded corners, con- 
vert these billets into the pierced semi-finished 
shell blank in one press, and finish the shell 
forgings in a second press. The first operation 
thus makes use of a piercing press, and the 
heated forging stock is placed in the lower or 
stationary die “piercing pot” quite similar to 
the old method shown at the top of 
Fig. 1. This piercing pot is fastened 


ation Produces ** Pot 


Fig. 5 — Round-Cornered Billet Used in Press; First Oper- 
(Center), Which Is Immediately, While 


to the stationary platen and the 
piercing punch is fixed to the mov- 
ing platen. The piercing mandrel 
moves downward (if the press is a 
vertical press) to pierce and dis- 
place the metal in the center of the 
billet and force it against the sides 
of the pot. A “slugging mandrel” 
may be used, whose function is to 
force the billet down into a tapered 
pot to form a conical shell bottom, 
and to provide a centering hole to 
guide the piercing punch. If the 
slugging mandrel is used it is car- 
ried on a sliding holder. For long 
shells the piercing mandrel and pot 
are moved laterally on the press 
platen, and this arrangement per- 
mits the use of two piercing man- 


Hor, Forced Through Drawing Dies to Give Final Form drels, one longer than the other; 


while one is being used for piercing 
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hot steel, the second is being cooled in an oil 
bath during the downward stroke of the press. 
Billet and pot are shown at left and center of 
Fig. 5, page 549. 

An alternate process fixes the piercing pot 
to the upper moving platen in an inverted posi- 
tion, while the piercing punch is fixed to the 
stationary platen. This arrangement forces the 
plastic metal over the stationary piercer during 
the down stroke and allows the pierced cup to 
be stripped from the mandrel on the upward 
stroke of the press. This method incorporates 
provisions for guiding the mandrel and holding 
it in center with the pot, to produce concentri¢ 
shell blanks. Where the hole in the blank or 
cup is not concentric with the outer diameter, 
this defect is never corrected in the subsequent 
drawing operation. 

In press forging, the second or drawing 
operation is performed in the vertical type of 
press for the smaller diameter shells 
and in the horizontal presses for the 
larger sizes. Horizontal drawing 
presses for long shells are known as 
draw benches. The original method 
for drawing shell shown in Fig. 1 was 
by the use of draw rings where the 
shell blank was forced through a series 
of annular rings or drawing dies, and 
the number of rings in the series 
depended upon the size of the shell 
to be drawn. 

A few years ago a radically differ- 
ent type of drawing die was introduced 
where the annular ring was replaced 
by rollers (Fig. 7). Each die head 
carries three rollers set at 120°, and 
these rollers are shaped to cover 
almost the entire outer circumference 
of the shell. The contact points or 
positions of the rollers are shifted to 
a different angle in each succeeding 
head, so that the hot shell is reduced 
by principles similar to those used by 
the steel mill in rolling round bar 
stock, This roller type of drawing 
head offers certain advantages in pro- 
ducing a smoother finish and improves 
the quality of steel macrostructure. 
Longer die head life and reduced fric- 
tion (in comparison to the ring type 
of die) are other advantages. Three 
heads are required for 3-in. shells; the 
number ranges up to nine heads for 
the larger sizes of shell forgings. 


Page 550 


hig. 6 
Southwark Piercing Presses (Close Together at Right) Serving o 
zontal Hydraulic Draw Bench. 


Developments in Special Equipm. 


Interesting other developments in quip. 
ment of special design for the rapid prod uctioy 


of shell forgings are taking place. A’ machin, 
known in England as the “Omes Shell Forging 
Machine” is being introduced in this country 
It incorporates both the piercing and drawing 
operations into one mechanical unit suitab) 
for the smaller sizes of shell forgings, and js 
based on the operating principle of the cop- 
ventional forging machine or upsetter. The 
forging sequence is designed to make use of 
round cornered square billets. 

A heated billet is placed in one of the two 
open split dies in a horizontal position. The 
machine cycle is actuated by a foot pedal, and 
the first working operation is a piercing on 
wherein the piercing punch is moved forward 


General View of Shell Forging Shop, l sing a Pair of bi 


The latter has roller type di 
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dard Tolerances for Forgings up to 100 Lb. 


Summary of Standards Adopted by Drop Forging Association, 1937 


ES, within the scope of 
ndards, shall be either 
or “regular.” 


mM. lerances are those partic- 

rly 1 n the drawings or in the 
specifica and apply only to the 
nartic nension or thing noted. 
They ma te any or all tolerances in 
y wal casion may require. Reg- 
ler tolerances apply in all other cases. 

Reg tolerances in general forg- 
ng pract are known as (a) “com- 
mercial standard,” for general forging 
practice, Of (b) if extra close work 


desired 


und care in 


nvolving additional expense 
the production of forgings, 


lose standard” may be specified. 


Class I—Thickness Tolerances 


For drop hammer forgings, thick- 
ess tolerances shall apply to the over- 
ll thickness measured in a direction 
erpendicular to the fundamental part- 
ing plane of the dies. 

For upset forgings, thickness toler- 
ances shall apply to the metal actually 
enclosed and formed by the dies, meas- 
ured parallel to the direction of travel 
f the ram 


Thickness Tolerances in Inches 


Max. Ner| COMMERCIAL CLOSE 
WEIGHT | Minus! Pius | Mixus! Pius 
92 | 0.008 0.021 | 0.004 | 0.012 | 
04 0.009 0.027 0.005 | 0.015 
0.6 0.010) 0.030 | 0.005 | 0.015 
0011 0.033 | 0.006 | 0.018 
1 0.012 | 0.036 | 0.006 | 0.018 
9 0.015 | 0.015 | 0.008 | 0.024 
3 0.017) 0.051 | 0.009 | 0.027 
4 0.018 | 0.054 | 0.009 | 0.027 
5 0.019 0.057 | 0.010 | 0.030 
10 0.022 0.066 | 0.011 | 0.033 
20 0.026 0.078 | 0.013 | 0.039 
30 0.030 | 0.090 | 0.015 | 0.045 
40 0.034 | 0.102 | 0.017 | 0.051 
50 0.038 | 0.114 | 0.019 | 0.057 
60 0.042 0.126 | 0.021 | 0.063 
70 0.0146 0.138 | 0.023 | 0.069 
80 0.050 0.150 | 0.025 0.075 
90 0.054 0.162 | 0.027 | 0.081 
100 0.058  O174 | 0.029 0.087 


Class II— Width and Length 
Tolerances 


Width and length tolerances shall 
be alike, and are classified in three sub- 
divisions (a) shrinkage and die wear 
\; tolerance, (b) mismatching tolerance, 
(c) trimmed size tolerance. 

For drop hammer forgings, width 
and length tolerances shall apply to the 
metal actually enclosed and formed by 
the die, as measured parallel to the 
fundamental parting plane of the dies. 
i For upset forgings, width and length 
tolerances shall apply to directions 


6Perpendicular to the direction of travel 
of the ro 


II(a)—Shrinkage and Die Wear 
Tolerances 


See table below. These shall not 
be applied separately, but only as 
the sum of the two; they shall be 
measured in such a way as to elimi- 
nate draft or variation in draft. They 
apply to that part of the forging 
formed by a single die block, and to 
no dimension crossing the parting 
plane. 


Shrinkage and Die Wear in Inches 


Class UI—Draft Angle Tolerances in Degrees 


Close limits Oto8 


Dror Foroames | Urser 


NSIDI 

jOUTSIDE 
| HoLes 

Nominal angle 7 7 or 10 eZ 5 
Commercial limits | 0 to 10 0 to 13 0 to 0to 8 


5 
0to4\0to7 


Class IV—Quantity Tolerances 


Any quantity shipped within the 


quoted limits of over-run or under-run 


SHRINKAGE | Due Wear shall be considered as completing each 
= = release or part shipment of an order 
Lenctn| Com- Cost Max. Com- Cost Limits are as follows: 
OR MERCIAL! Net MERCIAI 
|+ or — Weicur |+ or — Quantity Tolerances 
lin. | 0.003 0.002 | 1 tb. 0.032 0.016 NuMBer 
2 in. | 0.006 0.003 3 Ib. 0.035 | 0.018 on Onver VER-RUN |UNDER-RON 
3 in. 0.009 0.005 5 Ib 0.038 | 0.019 = = 
fin. | 0.012 0.006 7 Ib. 0.011 | 0.021 to I piece 0 
Sin. | 0.015 | 0.008 | | | 0.022 3 to 5 2 pieces I piece 
6 in. 0.018 0.009 11 Ib. 0.017 0.024 6 to 19 3 pieces 1 piece 
= 20 to 4 pieces | 2 pieces 
For each additional inch | For each additional 2 Ib. 30 to 39 5 pieces | 2 pieces 
add | 0.003 | 0.0015 add 0.003 ; 0.0015 10 to 19 6 pieces | 3 pieces 
For example: For example: 
60 to 69 pieces i pieces 
7 in. | 0021 OO1L 13 Tb. 0.050 0.026 
12 in. 0.036 0.018 21 Ib. 0.062 0.031 
- 80 to 99 10 pieces | 5 pieces 
18 in. 0.051 0.027 31 Ib. 0.077 0.039 
21 in. 0.072 0.036 11 Ib. 0.092 0.046 100 to 199 10% 5.0% 
36 in. 0.108 0.054 D1 Ib. 0.107 0.054 200 to 209 9% 1.5% 
18 in. 0.072 71 Ib. 0.137 300 to 5909 8° 1.0°% 
60 in. 0.180 | 0.090 | OL Ib. 0.167 | 0.084 HOOto 1,249 7% 3.5% 
120Wto 2,999 6° 3.0% 
3.000 to 9.999 5% 2.5% 
Il. b)—Mismatching Tolerance 10,000 to 39,999 1” 2.0% 
0,000 to 299,999 3% 5% 
Mismatching is the displacement of a point 
in that part of a forging formed by one die 


block of a pair, from its desired position when 
located from the part of the forging formed in 
the other die block of the pair, measured in a 
projection parallel to the fundamental parting 
plane of the dies. It does not include any dis- 
placement caused by variation in thickness of 
the forging; mismatching tolerances are inde- 
pendent of and in addition to any others. 


Mismatching Tolerance in Inches 


BAX. CLOSE 
Ner WeicutT | ~ 
1 Ib. 0.015 0.010 
7 Ib. 0.018 0.012 
13 lb. 0.021 0.014 
19 Ib. 0.024 0.016 


For additional 6 Ib. 
add 0.003 0.002 


For example:| 
37 Ib. 0.033 | 0.022 
55 Ib. 0.042 0.028 
79 Ib. 0.054 | 0.036 
97 Ib. 0.063 | 0.042 


Il(c)—Trimmed Size Tolerances 


The trimmed size shall not be greater nor 
less than the limiting sizes at the parting plane 
imposed by the sum of the draft angle tol- 
erances and the shrinkage and die wear 
tolerances. 


Class V—Fillet and Corner 


Tolerances 


Fillet and corner tolerances apply to all 
intersecting surfaces even though drawings or 
models indicate sharp corners. If such draw- 
ings or models have or indicate (even though 
actual dimensions are not specified) fillet or 
corner dimensions of larger radii than the 
following standards, such larger dimensions 
shall be considered as actually specified and 
the tolerances shall be “special tolerances.” 

Where a corner tolerance applies on the 
meeting of two drafted surfaces, the tolerance 
shall apply to the narrow end of sucl, meeting 
and the radius will increase toward the wide 
end. The total increase in the radius will 
equal the length of the drafted surface in 
inches, multiplied by the tangent of the 
nominal draft angle. 


Fillet and Corner Tolerances 


Max. Net Comme Close 
0.3 Ib. 3°32 3 64 
1 Ib. 18 1/16 
Ib. 5/32 5 64 
Ib. 3.16 3/32 
30 7 32 764 
100 Ib. 14 18 
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hig. 7 Roller Type Die H © He 
zontal Hydraulic Draw Bench or hs 
sets of such rolls will size a for. oe: foy,,, 
five are necessary to draw down wo!) thick. 
continuous in operation, designed : 
to eliminate all manual handling | 
from the time the hot billet js 
placed in the de-scaler until the 
finished drawn forging is deliy- 
ered by the cooling conveyor, | 
This huge “Clearing” machine js | 
designed along the basic princi- | 
ples of the forging and upsetting 
machine; the dies are mounted on | 
a vertical-faced turret and index 
(as in the conventional upsetter) and enters the work around to successive operations. The : 
through a steel guide bushing to pierce and mechanism is designed to work on three forg- 
expand the billet with the metal moving toward ings at once. 
the walls of the die. As the punch recedes the The three essential piercing stages are 
pierced blank is stripped, falls clear and is accomplished along lines similar to the conven- 
automatically placed in the second working tional upsetter, the first operation upsetting the 
operation, which is the conventional draw 
bench part of the machine. 
The machine has double tooling so that one ' 


set of tools can be cooled while the other set is 
working. Three drawing rings of the roller type 
are used for the draw. The Omes shell forging 
machine produces forgings of uniform wall 
thickness so that no machining is required on 
the inside of the cavity. 

Another recent development of interest in 
the production of the small and medium sized 
shell forgings is the use of cross rolls, driven 
in a manner similar to the cross rolls or “reels” 
used in tube mills. In this device a pierced blank 
or cup —— produced either in the conventional 
piercing press or in the drop hammer — is 
conveyed to a loading station of the finishing 
mill, where it enters the breakdown pass of the 
humped rolls with a smoothly machined man- 
drel inserted in the cavity of the pierced blank. 
The mandrel is kept bottomed in the blank by 
pressure from a push-cavity in the forging end. 
After leaving the rolls, the forging is sized 
through a set of triple rollers with mandrel still 
inserted, and then the mandrel is automatically 
stripped, leaving the shell forging completed 
and ready for machining. This so-called Witter 
process was first used on an Assel mill at Tim- 


ken Steel & Tube Co., and is now promoted by 
Fig. 8 — Stock Manipulator in Throat o/ 


Hill-Acme Forging Machine. Fingers at / 
ride the stock down one position at a ti 


Salem Engineering Co. 
An announcement just made describes a 
four-stage shell forging machine completely 
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bill shtly and piercing it slightly. The sec- 
ond third stages continue and complete the 
piel operations and the fourth stage draws 
the | through triple rollers. Between work- 
ing § s, the die table has three cooling stages. 
Piers g¢ punches are cooled by hot water and 
spr d with a colloidal graphite lubricant. 
Puncocs in this machine are self aligning and 
adequate automatic hydraulic stripping devices 
are d. 


re conventional methods of relieving the 
forgcman of some of the heavy labor is the sim- 
ple “ladder” shown in Fig. 8. Alternate opera- 
tion of the fingers on this stock manipulator, in 
step with the opening of the dies, rides the billet 
from die to die downward to the finish. 


Fig. 9 fjax- Hultgren Salt Bath, 
Heating 155-Mm. Shell fer Neosing 


Heating the Forging Stock 


Heating the billets is a vitally important 
factor in the production of shell forgings. The 
metallurgical structure and strength of the pro- 
jeclile is dependent upon proper heating of 
the stock; overheating will cause excessive scal- 
ing and poor grain structure; uneven heating 
Will tend to force the piercing punches towards 
one side or the other and throw the cavity out 
of concentricity with the outside diameter of the 
shell. (As mentioned before, this latter condi- 
tion cannot be remedied in drawing operations.) 
The furnaces used during the first world war 
period were mostly of the box or batch type, 
‘ire’ by oil. Towards the end of the war rotary 
heal og furnaces were being tried. In the past 


decade the importance of good forge heating 
has become universally recognized and furnace 
engineers have gone a long way in developing 
better equipment. 

Nowadays the furnaces are mainly fired 
with fuel oil or gas; electric heating has been 
tried in a few shops. In the oil or gas fired fur- 
naces, the available types are the batch furnace 
(vastly improved over its predecessor of 20 
years ago), the rotary heating furnace, and the 
straight line continuous furnace with pusher. 

The batch furnace of today is highly satis- 
factory for general shop work where a variety 
of sizes and lengths of bars and billets must be 
heated. It can also be used satisfactorily for 
heating stock for shell forgings but this type of 
furnace requires a greater degree of skill from 
the heater to produce good work than does the 
continuous furnace, and where long production 
runs on shell forgings are required, the con- 
tinuous furnace is generally preferred. 

Of the two continuous types, the rotary 
forge heating furnace has taken the preference, 
probably because the rotating hearth works 
equally well on round or square stock, whereas 
the pusher type of straight-line furnace is pri- 
marily designed for square stock. The rotary 
furnace (such as the one illustrated in Fig, 10) 
has a single door for charging and discharging. 
The usual procedure is to take out a piece of 
hot stock and replace it with a cold piece. The 
heating cvele can be set to obtain the desired 
temperature in a given time period so that the 
stock is thoroughly heated to obtain that “soft” 
heat resulting in the best plastic condition of 
the metal. 

The usual temperature for shell forging is 
from 2200° F. to 2300° F., and at this temperature 
some scaling is sure to be encountered. With 
proper furnace design, the amount of scale can 
be reduced to a very thin laver which is easily 
removed by a scale breaker or by water under 
pressure. Secale is detrimental to dies and tools 
and can even pit the forgings. Some men in the 
industry believe that this point is not of impor- 
tance; if the furnace causes scaling, just let the 
stock scale, and remove it in the scale breaker. 
It would seem, however, that where excessive 
scaling occurs, the furnace conditions must be 
oxidizing, and oxidizing conditions are detri- 
mental to the structure of the steel, causing sur- 
face overheating and possible “burning™. At 
any rate, scale means a loss of good metal. 
Good furnace design can eliminate most of the 
scale and obtain a fairly neutral furnace atmos- 
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phere, and such good conditions surely add to 
the life of the furnace refractories. The impor- 
tance of uniform heating has also been men- 
tioned in producing concentric cavities — an 
important fact when inner diameters are not 
machined and machining allowances on outside 
diameters are small. 

Electric heating is being given a thorough 
trial. It can be applied in one of two ways, 
either by coreless induction heating or by the 
electrically heated salt bath. The first method 
is being used on shell forgings up to the 105-mm. 
size. It is very satisfactory, in that the heating 
is so fast that the billet is free from scale; like- 
wise there is no surplus heat and the furnace 
operator is much more comfortable. All that 
is necessary is to provide a suflicient number of 
heaters for continuous supply of hot metal to 
the forging machine. 

Figure 9 shows one of a battery of Ajax- 
Hultgren electric salt bath furnaces at Willys- 
Overland (Toledo), heating machined, high 
explosive 155-mm. shells for nosing. A tempera- 
ture some 500° lower than forging is suflicient, 
and avoids eccentricity and wrinkling. Only 9 
in. of the end is heated, and a sharp line of 
demarcation is noted; speed is rapid (40 an 
hour) and a salt film prevents oxidation. 


Production Possibilities 


The logical question now arises as to the 
production possibilities of the various methods. 
It is difficult indeed to make a fair comparison, 
because figures for hourly production are the 
only comparable data readily available, and 
these do not offer any better criterion than 
claimed “miles per gallon” for several makes 
of cars. The factors of continuous production, 


day in and day out for long periods, fr. yey 
of machine breakdown, availability of uired 
bar or billet stock, type of heating a: {jg}, 
size of operating crew, type of help p sere. 
quality of the finished shell forging. \ife yy 


dies and tools, percentage of rejected forgings 


necessity to saw ends off, number of mochines 
in the forging cycle, cost of repairs — a!) thes, 


factors are important in making any just com. 
parison. Some of the methods are tried and 
known, while others are so new that the dats 
must be considered as “claims” until authentic 
figures are developed. 

In the first world war period, productioy 
on the smaller sized shell forgings, such as sizes 
in the 75 to 105-mm. shells, started at abou! 
200 to 250 forgings in an eight hour day and 
towards the end of the war period this had beep 
stepped up to over 500. Present production pos- 
sibilities are considerably higher. The forging 
machine or upsetter has demonstrated abilities 
to produce from 600 to 1000 shell forgings o! 
79>-mm. and even 105-mm. caliber in an eight 
hour shift. Hydraulic piercing and drawing 
presses are of proven and tried merit, and thei 
present production has increased substantially 
over their previous war records, with the daily 
output of shell forgings depending upon the siz 
of shell being forged. For 75-mm., and 105-mm.. 
the hydraulic piercing and drawing presses pro- 
duce 1300 to 2000 shell forgings in eight hours 

The Baldwin-Omes shell forging machine 
offers possibilities of 1200 pieces in eight hours 
and the machines composing the cross rolling 
process indicate over 2000 forged shells in the 
eight hour period. The Clearing Automat 
Shell Forging Machine has claimed nearly 20) 
shells of 90-mm. size in eight hours. 

The real conclusion to be drawn is not * 
comparison of records or 
claims of the various 


Fig. 10 — Rotary Hearth Heating Furnace. 


(Lee Wilson Engineering Corp.) 


machines, methods, 0! 
techniques. The more sat- 
isfactory conclusion arises 
from the circumstance: 
that American ingenully. 


through its engineers. 
metallurgists, technicians. 
managers, and [ice 
together by industry ane 
labor, has the abil nd 
the equipment to produc 
shell forgings in 
quantities that n bn 


required. 
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ous division of the furnace field is between electric furnaces and 


in 

ons |. While electrically heated resistors are widely used for heat 
soul recent years have witnessed many more direct means of transmit- 
ting it to the part, or even the generation of heat within the piece itself 


Industrial Electric Heat 


Evecrric Hear for industrial purposes 
a received its first real acceptance in the 
United States during the first World War, but 
did not become widespread until the industrial 
expansion that occurred from 1920 to 1930. The 
rapid expansion of electric heat during § this 
ten-year period was due to two things. First, 
the development and appreciation of the valu- 
able properties which could be obtained by the 
careful heat treatment of alloy steels. Second, 
the fuel-fired equipment that was formerly used 
was often crudely built and was little more than 
a pile of bricks held together by angle irons 
and fired by the simplest kind of burners. 
Automatic temperature control was first being 
used in mass production in the early 1920's. 

Electrically heated furnaces, well insulated 
lo conserve the more expensively generated 
heat units, and well engineered, could turn out 
better work at a lower overall cost per pound 
than the fuel-fired furnaces. The ready accept- 
ance of electric furnaces was assured. In some 
cases during those early days the first electric 
furnace to go into a plant showed such great 
savings over the older equipment that every- 
thing was electrified without proper considera- 
lion being given to all conditions. This 
occasional over-selling added much to the later 
contusion. 

Manufacturers of fuel-fired furnaces had to 
ect this competition and began to improve 
their units and really engineer them for the job 
at band. Users of heat treating equipment had 
ho’ vet emploved competent furnace engineers, 
an the management was frequently so con- 


fused by the arguments of both sides that they 
hardly knew what to buy. The slackening of 
the industrial pace during the early thirties and 
a better knowledge of furnaces by the user gave 
time for a better analysis and a firmer basis for 
the installation of the proper equipment. It is 
therefore the more gratifying to report that 
today the use of electric industrial heat is still 
increasing, and it is firmly entrenched because 
it is being used where it can show worth while 


savings to the purchaser. 
Heat Sources 


It is loose talk for one to say that any one 
kind of heat source is the best and most eco- 
nomical for every purpose. Each job should be 
carefully studied to get the best furnace for each 
application. The actual cost of heat treating 
an article is usually a small part of the total cost 
of manufacturing that article, so a more expen- 
sive but more readily controlled or readily 
accessible piece of equipment may be justified 
if the final cost of the finished article can be 
reduced. A few pieces of electrically heated 
equipment properly located may be the answer. 
In other cases large blocks of electric furnaces 
can be justified because the load diversity 
makes the fuel cost for bulk heating competitive 


with hydrocarbon fuels. 


By ( ilenn ( 
Metallurgist Phe Detroit Co 
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For many years about the only type of 
electric heat for heat treating was supplied 
through metallic resistors of the familiar nickel- 
chromium type. Today this material still pre- 
dominates due to its steady improvement by the 
careful work and research of its manufacturers. 
This material will stand continuous operation 
in air at 1850° F. and in a properly designed and 
operated furnace will last for years. Other 


perature the current flow is regulated so i: . feq 
in gradually reducing steps. In this w the 
temperature approaches its maximum gra 


and prevents “over-shooting” after the p com. 
eter has shut off the power. 

It may be news to some that the wides! and 
most diversified use of electric heat in inc ystry 
is in the small units represented by immersion 
heaters, strip heaters, and cartridge heaters. 
These units have been improved 
until they are now commonly used 


Fig. 1 — Drving Insulating Varnish on Armatures 
Under Infra-Red “Light”. (Courtesy Ford Motor Co.) 
Banks of lamps with gold reflectors are widely used to For this class of work banks of 


bake synthetic resin enamels rapidly on automobile finishes 


for long periods at operating tem- 
peratures up to 1500° F. Their ease 
of control and installation and their 
low cost frequently enable the plant 
maintenance crew to build the com- 
plete heating device. They have 
hundreds of applications, most of 
which are apparent to the prospec- 
tive user, and include the heating 
of oil baths, cleaning solutions, 
tanks, electroplating tanks, white 
metal baths. With special sheaths 
they can be used for many chemical 
processes. They are also used for 
air heating in crane cabs, watchman 
houses, isolated offices, airplane 
testing, oil pipe lines, pump houses, 
drying ovens, and so on indefinitely. 
Cartridge units can be inserted in 
small areas where local heating is 
desired such as dies for plastic 
presses, die casting machine dies, 
nozzles, and similar applications. 
A recent development is in the 
use of near infra-red radiation, par- 
ticularly for drying and baking of 
lacquers, varnishes and enamels. 


incandescent lamps in reflectors 


metallic resistors, mostly of the iron-chromium- 
aluminum type, are used for temperatures up to 
24100° F., but their acceptance has not been uni- 
versal because special supports are required to 
hold them in place at operating temperatures. 

Non-metallic resistors of the silicon carbide 
tvpe have long been used for high speed steel 
hardening furnaces and for some forge heating 
and ceramic furnaces. 

Devices have recently been perfected that 
operate in connection with the pyrometer con- 
trol to limit the electric input to the furnace. 
As the furnace approaches the operating tem- 


offer the possibility of greater speed 
of heating, lower cost for equipment 
and installation, adaptability to special jobs, 
and elimination of warm-up period. Drying 
lamps for radiant heating are dependable and 
can be put where you want them. A range of 
temperatures from 300 to 600° F. is readily 
attainable, if the object to be heated is suc! as 
to allow the necessary concentration of rad ant 
energy and heat absorption. Pieces which pre 
sent a relatively large area to the lamp: 10 
proportion to their mass offer the most pr 
ing field for application. Typical objec' 
this type are metal cabinets, automobile b 
and similar pieces with large surface. V le 
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inf! | is usually considered a means for dry- 
face or thin film, some interesting work 
, done on the drying of foundry molds, 


heating chamber without fear of contamination 
from combustion products. Tool hardening 
furnaces have taken the lead in this field. All 


has 
poi to a considerable time saving in com- types of toolsteel are accurately hardened with- 
plete drying heavy sand molds. out scale or decarburization. Accurately formed 
cutting tools with thin, sharp edges can be com- 
Atmosphere Furnaces pletely hardened without subsequent grinding 
or lapping. Silicon carbide resistor furnaces 
(orburizing by means of gaseous atmos- are used for this purpose and the elements show 
pheres instead of packing in solid compound is a good life even when operating at 2350 to 
not pew, but some of the more recent equip- 2400" F. The newer resistors can be used with- 
ment for using this old art is new. Vertical, out water cooled terminals, which simplifies the 


evlindrical gas carburizing furnaces have been 
recently perfected and widely accepted by the 
industry. These furnaces, being electrically 
heated, have easy and accurate temperature 


control, highly uniform carburizing, short cycles the experience and recommendations of the fur- oy 
and adaptability to various sizes of work. The nace builders the correct atmosphere can be - 
vas may be made from an oil that is vaporized found for practically any job after some experi- j 
upon its introduction into the furnace, or from menting by the user. The increased tool life be 

| 


cylinder gas of uniform composition. Uniform- 
ity of carburizing is assured by a fan within the 
furnace that gives positive circulation of atmos- 
phere throughout the charge. The work, which 
is loaded into baskets, is introduced through the 
top of the furnace and can be either slow cooled 
or quenched directly from the carburizing tem- 
perature. The ease with which the size and 
shape of the work can be changed from charge 
to charge and the variety of cooling methods 
available make this unit one of the most adapt- 
able and useful. 

Controlled atmospheres, which are so 
widely accepted today, are not contingent upon 
the use of electric heat but are frequently more 
easily controlled and used in electric furnaces 
because they can be introduced directly into the 


installation and eliminates the heat losses to the 
cooling water. 

There is no single atmosphere that will 
serve all hardening purposes, but starting with 


brought about by proper hardening can go a 

long way toward relieving a shortage of tools 

due to increased production. 


Copper Brazing 


A special but important case of atmospheric 
control is for copper brazing. This is the process 
where steel assemblies are made (by pressed fits 
or tack welding) with pieces of copper wire or 
copper powder placed near the joints. When 
this is heated to approximately 2100° F. in a 
reducing atmosphere the copper flows between 
the closely fitting sections to make a strong 
joint. This process has simplified many com- 
plicated operations, and by re-designing has 
permitted entirely new assemblies to be made. 


Fig. 2.— Electrically Heated Cover (Westinghouse) for Nitrogen Gas, Prepared From Burned City Gas by 
Bright Annealing High Carbon Steel Strip in High Special Liquids for Absorbing the CO, and HO 
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If the parts are clean when introduced into the 
furnace no flux is needed and the work comes 
out clean and bright. 

Silver solder or low melting brazing wire 
can be substituted for copper on non-ferrous 
materials that would melt at 2100° F. 


Salt Baths 


Heating sieel in baths of molten salt has 
been used for many vears. Every heat treating 
department no matter how small has one or 
more externally heated cyanide pots for harden- 
ing small, miscellaneous parts. 

Most salts when cold are poor conductors of 
electricity but when molten conduct current to 
varving degrees. The principle of heating salt 
baths by the resistance to electric currents pass- 
ing through them has been in limited use for a 
long time. The last few years have seen a rapid 
change in the salts available and a more care- 
ful study of the electrical problems involved 
has made these furnaces available for a wide 
variety of heating jobs. 

The salts are used in metallic or refractory 
pots with insulation packed closely around the 
outside of the pot. Electrodes, in the form of 
metallic bars, are immersed in the salt; their 
shape and spacing varies with the make of fur- 
nace. Electricity is fed to the electrodes 
through a low voltage transformer with several 
variable voltage taps available to regulate the 


heat input. Due to a combination of magnetic 


currents and heat differential at the el 


ode 
surfaces there is a rapid circulation the 


molten salt that gives a uniform tempc {ype 
throughout the bath. 


By a proper arrangement of sets of olec- 
trodes these furnaces can be made any |. jgth 


and since the pots have insulation pocked 
against the bottom and sides, troublesome pro}. 
lems of support are avoided. The heat being 
generated inside the pot makes them operate at 
a temperature no higher than the bath, in cop- 
trast to a pot hotter than the bath when the heat 
must be transferred from an outside source 
through the pot walls. Pots of welded boiler 
plate can be employed for temperatures up to 
1600° F. because they are protected by the salt 
and insulation against oxidation. Temperatures 
higher than 1600° F. require alloy or refractory 
pots for long life. 

Baths are started from cold in one of sey- 
eral ways. A resistance wire may be buried in 
the salt between the two electrodes, granular 
carbon may be placed between the electrodes 
to act as a conductor, or a molten path may be 
made between the electrodes by a blow torch. 
Once a path of molten salt established 
between the electrodes, melting continues until 
the entire bath is liquid. 

Work to be heated is immersed into the 
salt either after loading in baskets or placing on 
special racks. The salt may be the conventional 
sodium cyanide (which gives a hard shallow 
case), one of the activated salts that will give 
any depth of case dependent upon 
the time in the bath and the tem- 
perature, or a neutral salt suit- 
able for bright hardening. Work 
that is accurately ground can be 
heated in a carburizing bath for 
the proper depth of case, then 
transferred to a neutral salt bath 
at the proper hardening tempera- 
ture and held until equilibrium 
is reached, after which it ts 
quenched in oil or water. the 


Fig. 3— Brazing Gear Shift Lever 4 ssem- 
blies, and Simultaneously Heating {or 
Hardening, at Studebaker Corp. (Cour'es) 
Bellis Heat Treating Co.) 


already been brazed at one end; wor an 
is filling a rack, which will be dipp: lo 
the electrically heated salt bath at rea: 14 
later be quenched in tank at extre) ft 
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olten salt protects the work from scal- 


film 
ing moving from one bath to another. 
composition of the case produced in an 
active d bath differs from that after the con- 
vent | carburizing in hydrocarbon or solid 
comp nd. The active element in the bath is 
sodit eyanide which is oxidized by air to 
sodium cyanate, NaCNO. This decomposes to 
sive © and nascent nitrogen. The CO gives up 
its carvon to the steel to form Fe,;C, as in regular 


finding wide application in treating aluminum 
and magnesium parts. Some of these alloys 
are subject to serious grain growth when held 
at temperatures below their hardening temper- 
atures, but are not so affected at the correct 
hardening temperature if heated fast enough 
through the dangerous range. The salt bath 
heats rapidly because the work is completely 
surrounded by and in direct contact with a 
heating medium of high heat conductivity. The 

salt layer drag-out also prevents 

contact with air while transferring 


the work. 

Salt bath furnaces are also 
being used for brazing. The assem- 
bly to be brazed is made in the 
usual manner, and the part then 
immersed in molten salt held 
slightly above the melting point of 
the brazing compound. The part 
may then be quenched in water or 
air cooled depending on the proper- 
ties required. If air cooled, the salt 
film protects the part from oxida- 
tion. It is sometimes possible to 
combine brazing with surface hard- 
ening in the same bath. 

Salt baths also offer excellent 
means for localized heat treatment 
by immersing only that part to be 
heated. Heating billets for forging 
offers attractive possibilities and is 
being used to some extent. This 
application should be particularly 


Fig. 4— Ajax-Hultgren Unit in Kelsey-Hayes Wheel Co. Plant, 
: : useful in end heating because the 


Hardening Cylinder Sleeves for Allison Engines. Neutral salt 
bath operates at 1550° F. (Courtesy Ajax Electric Co.) 


heating line can be sharply defined. 
The possibilities have not been fully 


carburizing, while the nitrogen forms iron 
nitride. The hardness of the case is due to the 
combined action of iron carbide and _ nitride. 
Salt baths offer an ideal method for neutral 
hardening and are widely used in industry. One 
of the first applications was for hardening high 
speed steel. Stable salts are now available that 
will stand temperatures of 2200 to 2400° F. with- 
oul pitting or scaling the work, and will not 
Produce a soft skin. Salts are also available 
that permit neutral hardening at temperatures 
‘rom 1500 to 1800° F. This opens a field for 
carbon and alloy steel parts such as gears where 
the parts can be finish machined and ground 
bef e hardening. 
lectrically heated salt bath furnaces are 


developed but seem to offer definite 
advantages. 


Induction and Resistance Heating 


When electricity is passed through a con- 
ductor, resistance to the passage of the current 
causes the conductor to become heated. The 
amount of heat generated is directly propor- 
tional to the resistance. This property is used 
commercially in spot, seam and other resistance 
welding. It is also used for heat treating and 
forge heating by placing the steel object 
between two electrodes, usually copper, and 
passing the electricity through the steel object 
which, having a higher resistance that the cop- 
per electrodes, heats uniformly and rapidly. 
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(Text continues on page 572 
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By Donald B. Brooks; National Bureau of Standards. Publication M-146 
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sychrometric Chart, Low Range 3 
By Donald B. Brooks; National Bureau of Standards. Publication M-146 By 
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This process has been long used for 
heating rivets and is particularly advan- 
tageous for end heating or other localized 
heating of bar stock for forging. Due to 
radiation from the surface, such bars 
when heated by normal alternating cur- 
rents are usually slightly hotter at the 
center than on the outside, which is the 
reverse of the situation after heating in a 
forge furnace. By resistance any length 
can be heated, and the hot zone can be 
closely defined by proper spacing of the 
electrodes. Heating is so fast that negligi- 
ble scale is formed. This process is also 
used for heat treating and annealing both 
ferrous and non-ferrous rods and tubes. 
Accurate temperature control can be had 
by either a time clock or photo-electric 
cell. Trouble in earlier models due to 
arcing and pitting under the electrodes 
has been eliminated by pressure grips 
that make contact a fraction of a second 
before the current starts. The stock 
should be free from heavy scale but does 
not need to have a polished surface. 

Resistance heating operates best on 
bars or tubes having a uniform cross- 
section. The main advantages are speed 
of heating, control of temperature and 
heated zone, and low current consump- 
tion because no heating-up time is needed 
and the radiation losses are small. 

A heating process that has been 


Fig. 5 and 6— Heating by Induced High Frequency Curren the 
a Rapid Operation Difficult to Photograph. In the firs 
shaft bearing is within the fixture and its surface there is 


known and used occasionally by several 
people for many years has taken great 
strides in the recent past. This is tnduction 
heating. A detailed discussion of the many 
results accomplished, the equipment used and 
the theories as to why the results obtained 
actually do happen, cannot be given in a paper 
of this nature. 

The early attempts to heat inductively tried 
to substitute electric heat for older heating proc- 
esses. It soon became apparent that the big 
advantages were in localized hardening. Why 
heat the entire part when one or two small areas 
properly hardened will give complete and satis- 
factory service? Hardening of both internal 
bores and external surfaces has been done in 
ways that amaze the production man and the 
designer. Properly selected steels can be sur- 
face hardened to replace carburized and hard- 
ened parts and frequently a less expensive steel 
can be used. If the designing engineer under- 
stands induction hardening he can often sim- 


plify and cheapen the part to make larg 
savings in processing and assembly. 

Simple, plain surfaces can be easily hard- 
ened or the inductor coil can be wound in mor 


complicated shapes to heat many non-uniform 
cross-sections. Crankshaft bearings, wrist pins. I 
camshafts, worm drives, drive shaft bearing 
surfaces, internal hub bearing surfaces and | 
interior walls of tubes are only a few of the jobs ’ 
that are being satisfactorily surface hardened 
in production today. 
These electric processes all use frequencies ; 
ranging from 2000 to 10,000 cycles, and quencli- 
ing is synchronized with the heating cycle so as ' 
lo give a very fast quench. Consequently uni 
form and high hardnesses are obtained (a) 
after day. The heating time is usually a patter 
of seconds. Quenching takes somewhat | ‘ge! | 
than heating, but still is a short time. ) 


The source of high frequency curré mn 


Metal Progress; Page 572 


; 
i 
1 
|: 
hie 
. 
I 
ES 
pics 
Furs 
= 
| 
Fe. 


the next the current has been switched off and the 
ng water switched on. The C-clamp is a temporary 
(Photos by Ackerman at the Ohio Crankshaft Co.) 


these machines is usually a motor-generator 
sel, whose cost has been one objection to 
inductive hardening. These sets, while still 
relatively expensive, are long lived and 
trouble free. The coils are easily made and 
inexpensive and are the only parts that need 
lo he changed with a change in part design. 
this permits the cost of the equipment to be 
Written off in two stages. Write off the motor- 
generator over several years, but write off 
the coils during the life of the part. This 
method may make the cost of the hardening 
machine less than that for a conventional 
furnace designed to heat the part in question. 

Surface hardening requires merely the 
heating of the outer shell of steel, and this is 
ideally done by alternating currents of high 
irequoney. However the process is also being 
succesfully used for deep heating (complete 
heating) as of forging billets, especially on 


high production of shell. The uniform and rapid 
heating of forging billets has introduced economies 
of operation not fully realized when the job was 
started. The thorough heating produces a more 
plastic steel that completely fills the die faces with 
less power on the forging machine. Uniform heat- 
ing also gives a good grain structure to the forg- 
ing, and this is responsible for faster and better 
machining, and more uniform physical properties. 
Rapid heating has reduced the amount of scale 
formed, so that die wear has been greatly lessened. 
Heating for an upsetting or bending operation is 
eflicient because the heat can be confined properly 
and bulging or movement of metal is prevented 
where it is not desired. 


Various Frequencies Used 


High frequency heating is spectacular and has 
many advantages but many jobs can be done with 
ordinary 60-cycle current. Any tubular or hollow 
part into which a laminated iron core (or a core 
of a special high Curie-point alloy) can be inserted 
can be heated by 60 cycles to the heat treating 
temperature. Solid parts cannot be successfully 
heated by low-cycle currents to above about 1300° 
F., but this opens the entire field of low tempera- 
ture heating, such as tempering, heating for 
expanding, or stress relieving, to induction heating. 

Low-cycle heating is not so fast as when using 
high frequencies, but it does heat throughout the 
cross-section. The time is short compared to 
radiation or convection heating, and the operation 
is so simple and clean that it can be done any- 
where without interference with other fabrication, 
Starter ring gears, pistons for wrist pin assembly 
and other shrink fit jobs are being heated in this 
way. The stem ends of drive pinions and the 
spline ends of axle shafts are being drawn by 
induction. An interesting and otherwise impos- 
sible application is stress relieving of welded 
joints in high temperature steam piping, welded 
in the field in confined spaces not approachable 
by heat from any other source. All that is needed 
is to wind the joint with a copper coil that carries 
60 cycle current; a temperature of 1250 to 1300° F. 
is readily reached which will remove stresses set 
up in the are welding process. 

Sixty-cycle coils are used to heat steel con- 
tainers in certain chemical processes and give 
good temperature control and freedom from haz- 
ard to explosive contents. 

The author wishes to acknowledge the assist- 
ance given by the builders and users of equipment 
described, although no specific credit is given. & 
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Produ: on of protective atmospheres for all varieties of heat treatment, 


even | 


(ures. 


igh carbon, high alloy steels, hardened from high tempera- 
an outstanding achievement of the furnace industry. Mr. 


Segeler describes the rugged equipment devised for this purpose 


Gas Furnaces 


Become Modern Production Machines 


e Or course, the National Defense Program 


has tremendously accelerated the use of 


gas furnaces and gas heating methods of all 
kinds, but even if this were not the case, the 
latest developments in the field of gas furnaces 
would be worth telling about. Not that recent 
inventions have revolutionized present practice 
nor startled the metallurgists out of their pres- 
ent ideas on heating! Nevertheless, the news 
has gotten around that there is a very definite 
lield for gas in the production line as well as 
in the manufacture of fine parts. 

As for continuous production equipment, it 
is clearly a misnomer to talk about a gas “fur- 
nace” today, for the equipment is steadily los- 
ing the attributes of the furnace and more and 
more acquiring the characteristics of a pre- 
cision production machine. Compared to the 
limitations imposed on products made in other 
lurnaces, the gas equipment offers possibili- 
lies for the simultaneous control of the heating 
required by the product, and the protection of 
ils surface and shape. These possibilities justify 
the statement in the title of this article that “the 
sas furnace is becoming a precision production 
mach ne”, 

‘his concept is not merely based on the 
effective operation of a gas furnace along 
*xpected lines of high efficiency and high rates 
0! production. Rather, it is based on the fact 
that the radiant tube furnace, plus a prepared 
‘mos here, place gas-operated equipment in a 


unique position for serving the industry by giv- 
ing the user a heating apparatus which will not 
be impaired in effectiveness by the action of 
carburizing or reactive atmospheres needed for 
modifying or protecting the work in process. 
Readily available case histories from some of 
the outstanding heat treating departments fur- 
nish factual background for this conclusion. 
For example, in a recent installation for the 
normalizing of tubing the sulphur in the lubri- 
cant remaining on the metal from the drawing 
dies created a corrosive atmosphere which 
attacked the heating elements. This difliculty 
was entirely eliminated by the adoption of a 
radiant tube, gas-fired furnace. 

The science of metal treating has had a 
history of slow growth — perhaps “evolution” 
would be a better term for the gradual improve- 
ment of heat treating methods. In any event, 
there was a comparatively long period during 
which the physical properties of metals were 
raised by various forms of heat treatment, and 
all the while an effort was made to preserve the 
surfaces as much as possible even though they 
were in contact with crudely unregulated prod- 
ucts of combustion. Step by step the methods 


By C. George Segeler 


Engineer of Utilization 


American Cas Association 


New York. N.Y. 
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Fig. 1— Schematic Drawing, and Typical Embodiment. 
of “Partial Combustion Unit”. With natural gas at 40 cents 
per thousand cubic feet, protective atmospheres from such 


units will cost from 7 to 8% cents per thousand cubic feet 


the one illust; 


on 
pages 507 to 51i ved 
what otherwis« ght 
then have been a rjoys 


bottleneck. Sul uent 
to early development. 
continuous furnaces 
have naturally been 
equipped with every 
form of fuel and heat- 
ing method with vreat 
success, and the bateh 
heat treating methods 
have steadily decreased 
in importance except 
for specialized applica- 
tions in which quantity 
production is not the 
primary requirement, 
More recently, th 
gas industry has made 


another contribution 
to the metallurgical 
improvement by means 
of the protective and 
reactive atmospheres. 
(This development has 

received continuous attention 

in the pages of Mera Progress, 

and is the subject of an impor- 
Refrigerator tant symposium at the forth- 
coming National Metal 


Congress and Exposition.) 
) | Early efforts to improve th 
eemmemenee surfaces of metals during heal 


treatment were made by 
designing gas burners for 
iat maintaining constant combus- 


oF tion conditions, and they gave 


a big improvement over results 


were refined but, as remarked above, progress 
was comparatively slow. From time to time, 
outstanding inventions and developments accel- 
erated the rate of improvement, and it is worthy 
of remark that a number of these most out- 
standing occasions coincided with new applica- 
tion of gases to the problems of heat treating. 

At the time of the first world war, the batch 
heat treating furnace was the conventional and 
accepted method, but the American role as an 
arsenal of defense now needs mass production 
methods. Construction of the continuous heat 
treating furnaces using gaseous fuels such as 


obtained from crude fuel 
applications. In fact, even al 
this writing, there are many thousands of tons 
of metals heat treated annually in furnaces 
in which the atmosphere is controlled by 
means of the day-by-day reproduceabilil) and 
adjustment of gas burners. However, the 


destructive effects of high concentrations of 
water vapor and carbon dioxide, or evé XY- 
gen, soon attracted the attention of | ng 
metallurgists, and muffles, boxes, and | ‘ie! 
methods to exclude flue gases were ° IN 
adopted. The electric furnace had its ngs 
because it seemed to protect the work er 


Certainly it eliminated water vapor and 
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control of the surface 
is often more important, 
and it is certainly often 
more difficult, than the 
control of sub-surface 


older practice and 
has brought about new 
equipment and new 
methods which were 
entirely non-existent a 


from the hot 
ere, but it ordi- 
id not prevent 
n and was not 
for carburizing. 
e the need for 
| of the metal 
assumed the 
ince it now pos- 
modern heat 
« practice began, 
has revolution- 


le ago. In fact, the 


Fig. 2— Schematic Drawing. and Typical Embodiment. of a Consid- 


characteristics which have erably More Complicated Device for Making a Protective Atmosphere 
become well-standardized and High in Nitrogen. With natural gas at 40 cents, protective atmospheres 
well-understood through the from such units will cost about 10 cents a , thousand cubic feet 


persistent research of metallur- 


sists in the plant and in the 
laboratory. Once the underly- 
ing chemistry of the reaction 


between various gases and 


metals was formulated and 


understood, it became relatively 


Casy 


less 


heat 


One of the first of these ORs 


to apply prepared atmos- 


pheres which would be more or Ar isis] 
inert to the metal under 


treatment. 


atmospheres was applied for the 
protection of sheet steels during annealing, and 


for this purpose, an atmosphere made by par- 


lial combustion of fuel gases was eminently 


Salisfactory. This “partial combustion” merely 
required that the fuel gas be burned with a con- 
trolled but insufficient supply of air, thus pro- 


dui 


ig a mixture of gases, principally carbon 


monoxide, hydrogen and nitrogen, with a mini- 


mum of CO. and water vapor. Such atmos- 
pheres after partial drying contained upwards 


of 7 
ing 
fue 
ufa 
fied 


Wil 


nitrogen, and their use for bright anneal- 


spread with great rapidity. Any of the 


sases appeared suitable; natural gas, man- 
ired gases, coke oven gas, even the lique- 
etroleum gases were successfully applied 
or without partial purification (the latter 


step primarily being a dehydration by means 
of contact with pipes filled with cold water). 
Originally applied for the protection of sheet 
steels during annealing, this “partial combus- 
tion atmosphere” actually improved the proper- 
ties of the steel surface (such as its drawability, 
smoothness, and ability to take a fine finish) so 
as to permit the development of the truly 
astounding one-piece, turret-top automobile and 
similar deep drawn articles. The so-called 
bright and clean annealing of low carbon steels 
in atmospheres of this type has all but become 
universal. The method and apparatus are 
schematically shown in Fig. 1. 

The American Gas Association’s Industrial 
Gas Section began a research program in 1936 
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Equilibria for Gas-Steel Reactions 


Relation Between Gas Composition, Temperature, and Carbon Content in Steel 


Temperature, °C. Temperature, °C. 
800 900 1000 600 700 800 900 1000 
100 0 
0.07 90 10 
< 8 
9 0.02 60 20 8 
iS S 
WAY 
j 
0.04 & 60 Two Phases 400 
a 
/ in Equilibrium | | § 
hy: 
Carburizing Curves are for 
[760mm.hg.] 
After ML. Becker 
/ Journal LASL., 1930-1, p. 354 
0.06 60 
Temperature, F. emperature, 
Above Curves, Adapted by Stansel From Carburizing Reactions Depend on Carbon in Steel. Thus: 
Sykes’ Work, Indicate That Almost Pure H:; 80% CO, 20% CO, at 1450° F., (point A) will carburize 
Decarburizes Hot Steel (Conditions Above 0.40% C steel and lower, but decarburize 0.80% C steel and 
and Left of Corresponding Curves). Methane higher. However 90% CO, 10% CO, at 1700° F., (point B) 
breaks down almost completely into carbon and is relatively inert to 0.20% C steels, will carburize lower 
hydrogen, carburizing steel (and depositing carbon and decarburize higher carbon steels. Partial pres- 
excess soot) at conditions below’ curves sures, i.e., CO+CO.<100%, raise curves and shift to left 
OF. oF. on 
Beckers he [Curve b Curve b 
Solid Solution | 900 CurveA | 100 
1800 }- - 
1600 Curve B Ratios / Ratios ; 
| 
le" 
1500 / 
a 
of 
— 
1400 ely 
| 
1300 os 
700 
800 ot + 
| | | 
~~ Steam inactive below 600°F, 
1200 | =i 650 600 | | | 
Qo 0.2 0.4 CO, 0.6 0.8 1.0 (4) 0.2 0.4 0.6 08 1.0 12 1.4 
Ratio of a5* in Mixture Ratio of Gases in, Mixture 
Action of Carbon Oxides Depends on Temperature. For Oxidizing Action of Steam May Be Counteracted 
instance, a dried atmosphere containing 6% CO, and 10% CO by 20 Times As Much Hydrogen (Line «@): 
or ratio 0.6 (easily secured by partial combustion of fuel Larger proportions of steam may scale th« etal 
gas) would tend both to reduce and carburize at a 1225° F. during cooling (line b’-b). Oxidizing und 
anneal (Point a), but would both decarburize and_ oxidize decarburizing — propensities of moist &: lay 
at 1500° F. (Point a’). For “bright hardening” the CO, must likewise be counteracted by carrying excc’) &Y 
be reduced well below Curve B (for instance, 1/10 the CO, in the mixed carbon oxides present in | ur- 
as Point b, at 1500° F.). The above statements neglect the nace atmosphere (for instance, CO,: CO ¥» 
fact that the pressure of CO + CO, is less than 1 atmosphere or line B-B’, on the reducing side of cu: A 
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ducing atmos- 
produced by the 
stion of indus- 


into 


‘om 
is. Reports of 
‘his .aportant work 
C have been made to the 
ogs dustry from time 
to time and also to the 
0 entir engineering fra- 
ternity. See, for instance 
s the article entitled “City 
0 Gas for Special Atmos- 
> pheres” by CLINE and 
Seceter in Industrial 
0 and Engineering Chem- 
. istry for January 1941. 
C From results of this 
00 work we are now able 
‘ to predict the behavior 
. of gases under partial 


combustion conditions. 
Previously no one knew 
how the available oxy- 
ven would partition 
itself among the various 


combustible gaseous | 
Prepared High-Nitrogen Gas 
Nitrogen is non-flammable, and _ is = = - 
' essentially passive to most steels, but 
unless it is quite dry traces of moisture \ 
2 left behind may react with certain steels Fig. 3 — Schematic Draw- 
and cause soft spots to develop. Conse- + ing, and Typical Embodiment, of a Gas 
: quently the drying of such high-nitrogen . Preparation Unit that “Cracks” Natural 
mixtures is important. Figure 2 shows a Gas. If raw gas costs 40 cents, the cracked gas 
schematic diagram of equipment for pro- will come to about 24 cents per thousand cubic feet 


ducing such an atmosphere. It results 
from the almost complete combustion of 
fuel gas, followed by absorption of carbon 
dioxide and water vapor. The residual gas con- 
lains over 97% nitrogen, the balance being 
hydrogen and carbon monoxide. 

While an inert atmosphere was the answer 
to several pressing metallurgical problems, 
further research and experiment were indicated 

| because an atmosphere containing a higher per- 

| centage of hydrogen, carbon monoxide, and the 
hydrocarbons would doubtless produce exactly 
the kind of effect needed for special steels and 
lor gas carburizing in general. This led to the 
third type of atmosphere known as the “cracked 
gas atmosphere”. 

This type of atmosphere, used in conjunc- 


tion with the radiant tube furnaces, has come 
into general use for the clean hardening and 
bright annealing of high carbon steels. The 
principles underlying the unit are relatively 
simple. Mixtures of air and the various fuel 
gases in suilable proportions are passed through 
a series of heat-resisting alloy tubes which 
extend through a suitable furnace and which 
contain a catalyst to re-form or crack the fuel 
gas into the desired constituents. After suitable 
cooling and purification, a gas is produced in 
such equipment which will contain from 25 to 
50% of hydrogen, 7 to 15% of carbon monoxide 
and 7 to 30% of the hydrocarbons. The balance 


is primarily nitrogen. 
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As can be seen from the chemical analysis, assure the most efficient and economical | pdep. 
the cracking unit produces a gas richer in car- ing. Today, research has clarified these — ojyj. ‘ 
bon monoxide and the hydrocarbons than can and the effectiveness of proper conce) * i | 
be obtained by partial combustion. These rich, of “buffered” hydrocarbons has bec. wey) | 
cracked gases are carburizing to the low carbon established both in theory and in practi 
steels and are relatively passive to the steels of The first important industry to apply these 
higher carbon content. Therefore they can be new cracked gas atmospheres to carburizing | 
applied for bright annealing, for clean hard- was the automotive industry, in the person of ' 
ening or for carburizing as may be required. the Chrysler Corp. in whose plant New | 
Modification of the composition of the cracked Castle, Ind., a large continuous-type, alloy myf- | 
gas atmospheres is readily done by adjust- fle furnace was installed. Since the success of . 
ing the equipment. Figure 3 shows a schematic that unit, about 10 years ago, many othe: ippli- | 
diagram and a photograph of a unit for pro- cations have been made. Figure 4 shows a longi- 


ducing such an atmosphere. tudinal section of this early Chrysler furnace. 


th Tf Gas Outlet to Analyser TAT) 
— (es Toht li til ond Waste 
— — — — ~~~ ~ ~~ ~ ~ — ~ ~~ ~ — — ~~ ~ 4 ~~~ = 

Chamber. Gas Ihiets Pyrometer Pyrometer Pyrometer 

\ Pusher | | 
Lupension 
Fig. 4 — Continuous Type, Alloy Muffle, Gas Furnace carburizing. Work on trays is pushed through muffle, with 


for Carburizing in a Gas Atmosphere. This furnace was 
installed carly in 1932 in the Chrysler plant at New Castle, 
Ind. and is one of the first applications for continuous gas 


“air locks” on each end. Carburizing gas enters with cool 
work; both progress through zones of rising temperature. 
Gas is controlled by automatic analysis at discharge end 


Gas Carburizing 
Carburizing, in particular, has been revo- 
lutionized by the availability of the radiant tube 
furnace and the cracked gas atmospheres. Of 
course, the older readers will remember the 
introduction of the rotary gas carburizing 
machine prior to the first world war. While 
these offered substantial economies for the 
hardening of small parts which could stand 
tumbling about, there were certain limitations 
which prevented the more widespread adoption 
of this process. However, great credit is due to 
the developers of the method, and the presen- 
tation of the Sauveur Medal to A. W. Macuier 
last vear sought to commemorate these achieve- 
ments. (See the appreciative biography of Mr. 
Macuter in July’s Merat ProGress.) 

The mechanics of gas carburizing were not 
well understood 30 vears ago, nor its physical 
chemistry, and there were many conflicting 


garding the way in which a 


gi gas 


theories re 
atmosphere should be produced in order to 


taken from an article by R. J. Cowan in Mera 
ProGcress for February 1932, describing its con- 
struction and the theory of the gas actions in 
detail. 

It is hardly necessary to dwell upon the 
important contribution to steel treating made 
by the development of gas carburizing. In the 
first place, it eliminated the labor cost and 
uncertainty of pack carburizing. So much is 
obvious, but what is not so self-evident is the 
fact that gas carburizing offers the best method 
of controlling the type of carburized meta! pro- 
duced at the surface of steel. This control is 
brought about by regulating the proportions of 
hydrocarbon gases and the buffer or inert 
gases used to make the activated gas mixture. 
Changes in the proportions of these constitu- 


ents are reflected directly in the character ol 
the carburized case that is produced — it being 
possible to make a low carbon hypo-eulc:toid 
surface, a higher carbon eutectoid surface. oF 4 
still higher carbon hyper-eutectoid case. ver 
mits that difficult feat of carburizing high °!le) 
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ose eutectoid composition may be as 


steels 
low 70% carbon, without traces of embrit- 
tling side envelopes. 

use of the carburizing and reactive 
effec f these atmospheres, it is important 
that entire furnace be engineered to with- 
stand ve action of these gases. In this respect 


the go. industry has made an outstanding con- 


tribution through the development of the radi- 
ant { furnace. The importance of this point 


has boen discussed at some length in the litera- 


ture and, more recently, has been emphasized 
by the selection of gas radiant carburizing fur- 
naces for producing airplane crankshafts in one 
of the new defense plants. In this plant, the 
completed engines will be block-tested while 
coupled to electric generators and since these 
are expected to produce so much power that a 
portion can be sold to the local utilities, it is 
probable that most of the other heating opera- 
tions will be electric — with the notable excep- 
tion of gas carburizing for the crankshafts. @ 


Fig. 5 — Radiant Tube Cover, Above Eight Stacks of Coiled Strip Steel, Each Stack 
Enclosed in Thin Steel Container to Imprison Protective Atmosphere. Devices such as 
this have been essential to the development of continuous rolling of sheet and tin plate 
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Cover urnaces Installed 
With licromax Control 
For ig Heating Cycles 


nt of big castings is, of course, 

. But The Ohio Steel Foun- 
gen does — simplify the work 
effective heat-treating equip- 
ave, for example, recently in- 
ry of five 9’ x 24° furnace bases, 
face Combustion covers, tor an- 
eat-treatment of “Holl-O-Cast 


rolls. 


max Pyrometers used by Ohio Steel 
S-C cover furnaces. This company 
sbout 30 L&N Pyrometers in service. 


These furnaces can follow directions 
for practically any heating-soaking-cooling 
‘ splendid uniformity. To provide 
t which are sensitive, dependable 
»utomatic, during the two weeks which 
h a evcle may require, the furnaces are 
with Micromax Electric Control 
Pyrometers, used in a standard and effective 


Fach furnace has two thermocouples and 
|-throttling valves, regulated by a 
e Micromax Controller. The instrument, 
to its quality of micro-responsiveness, 
lies this setup with utmost precision. It 
ds temperature at the desired rate, regard- 
hanges in ambient temperature, fuel 
wind direction or any other factor. 
{nd its automatic standardizer, 50-day ink 
oply, 40-yard chart and freedom from any 
ed tor every-day servicing, contribute to the 
stop performance which helps assure suc- 
esstul heat-treatment. 
For description of the various Micromax 
els, see Catalog N-33A, 1939, sent on 


Picture-Minded? You'll Like 
This “‘Paper’’ Pyrometer 


Die-stamped from cardboard, this “paper” 


Micromax Pyrometer shows, almost as well 
as tl tual instrument, the qualities of con- 

accessibility and simplicity. It’s 
nad tf exterior and interior photographs 
rinte cardboard, died out and hinged 
'ogether to represent the instrument. It will 
€ se with our compliments, on request; 
isk for Die Out ND(1). 
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MEASURING INSTRUMENTS . 


REJECTIONS “NEGLIGIBLE 
IN HOMO TEMPERING 


Tempering which is uniform and practically rejection- 
free is a problem no longer in the plant of Billings & 
Spencer Company, Hartford, Conn. Here are made tons 
ot precision aircraft torgings, commercial forgings and 
Billings Vitalloy and Carbon Steel Wrenches, with 


hardly a reject which can be charged to tempering. 


These results are achieved by using the Homo Method 
of tempering on all work, The electric heat, the forced- 
convection air and the fully-automatic control which the 
Method employs create a uniformity of temper which is 
tar inside most specifications. Supervision of the work 
is extremely eas) an advantage always; but today a 
necessity. And the equipment runs with minimum atten- 


tion, 24+ hours a day, 7 days a week. 


The Homo Method is described in Catalog T-625, 
1938 edition, which will be sent on request. If you have 
a specific tempering problem, we'd be glad to have you 
outline it, since we may be able to suggest a solution 
based on our experience as pioneers and developers of 


air-tempering. 


LEEDS & NORTHRUP COMPANY, 4927 STENTON AVE., PHILA, PA. 


ste 


j 
Phi lged strip of H Me ! 
show how Billings & Spencer heat 
treaters write down the part number, 
h heat longside its tem 
rhese note re easy 
t low! ecause the chart, im 
the Recorder vaacked up by meta 
late and offers firm, vertical surta 
n which to write 


LEEDS & NORTHRUP 


HEAT-TREATING FURNACES 


TELEMETERS 


AUTOMATIC CONTROLS 
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the United States, ; dant 
sources of raw materials | 4 th, 
Some Notes on Refractories common metallurgical ite. 
ries, with the exception chro. 
mite. Even this excepti vould 
not hold if we regard th; hilip. 


e IMPROVEMENT of refracto- conserve supplies because it lasts pine Islands as “United States” 
ries, at the present instance, longer. Consequently, efforts to Authoritative statements hay 
t 


appears to be of far less interest put quality into new refractories, been made that there is least 


than supply. However it should and further efforts to maintain 12 months’ supply of chromit 
be evident that even in times of them properly in service, should (refractory grade) on hand 


great stringency especially so, be unremitting. unfortunately, however, thy 
in fact a better material will Fortunately we have, within material has no known substi. 


tute and there are practically y 


“non-defense” uses which can }y 
eliminated. 


Sentry Answers Moly Again! |) 


A New Larger Furnace 


blast furnace output during a 


. single campaign is due not only 
with Packaged fitmosphere to the increased daily output 

from the larger stacks but also 
from the greater durability | 


For larger tools—for increased hardening capacity —use the 


new No. 4Y Sentry Furnace with Sentry Diamond Block the linings. Wa. A. Haven, at 
Controlled Atmosphere. For all high speed steels—Molyb- the May meeting of the Ameri- 


denum — Cobalt — Tungsten — this correct neutral atmos- can Iron and Steel Institut: 
phere means maximum hardness—No scale — No reduction 
noted that in 1880 a run of 
in size—No decarburization. Get more production from 

better hardened teols 105,000 tons of pig iron from 
single lining was claimed as 


world’s record. Twenty years 
later 500,000 tons was considered 
good. By 1920 the standard had 
been doubled, but now “furnac 
after furnace has made mor 


than 1% million tons and severa 
have gone more than 2,000,000 
and still going strong”. 

Chemical disintegration of th 
lining brick has been a_ mos! 
prolific cause of trouble, bu! 


finally the refractories industry 
" has been able to produce a dens 
Qe brick of proper texture, free fron 
laminations, burned at a high 
temperature, that resists carbon 
penetration, attack by zine tum: 


See It 
Booth 8 
National Metals 

Exposition or 


Write for Bulletin 
10244 


A full range of 


sizes for this as 
and other agencies. More acct: 


rately sized brick and caretu 
mason work have also been tac 


well as other 
Sentry Furnaces 


tors in this improvement! 
Much brick damage h 
done by “channelling” 
blast up chimneys of 
The entr y om ban y charge matters whic! 
been corrected by revol\ 
stock charging bells, a 
(Continued on page 9 
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—_— Tool Steels of half Molyb- 
denum, half Tungsten or even a// Moly are 
now being hardened with absolute certainty 
of uniform results. The Upton Electrothermic- 
Permeation principle of operation has made 
the changeover from 18-4-1 types surpris- 
ingly easy and there is very little experimenting 
to determine proper temperatures and time. 
Once determined, results can be duplicated 
with absolute certainty. 


Users of Upton Electric Salt Bath Furnaces have found that: 


1 There is no decarburization—even on ALL- 
MOLY alloys and size change of tools during 
hardening is under perfect control. This means 
that thousands of Moly hobs — hardened in 
Upton furnaces—are being sold without any 
grinding after hardening. 


2 Properly hardened Moly H. S. Steel tools will 
give identical cutting characteristics with 18 - 
4-1. 


3 The ceramic pots last longer and the furnace 
costs considerably less to operate. 


HARDEN 


OLY 


HIGH SPEED STEELS AS EASILY AS 


ON ELECTRIC SALT BATH FURNACE DIV. 


The Electrothermic-Permeation principle of opera- 
tion assures a positive, yet natural, circulation of 
heated salt so strong that it supplies heat uniformly 
to all portions of the work. High operating efficien- 
cies have saved upwards of $1200.00 per year in 
fuel alone. 


With its ultra-sensitive heat input control, the Upton 
high heat furnaces operate within minimum tem- 
perature fluctuations. Proof of this is that re-orders 
of Upton furnaces have increased sharply since users 
have begun hardening the MOLY types of high 
speed steels. 


Let us tell you more about these furnaces now. 


Our engineering depart- 
ment will gladly assist 
you in the selection of 
the correct heat treating 
equipment for any op- 
eration requiring from 
300° to 2500° F. 


4 Melville at Green 
Detroit, Michigan 
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Refractories 


(Continued from page 584) 
crushing of hard, lumpy ore and 
flux. Armored stock line wear- 
ing plates, and improved types 
and arrangements of stock cool- 
ing plates, have also been impor- 
tant factors in lengthening the 
campaigns. The evils of hard 


driving or overblowing have also 
been greatly lessened in the mod- 
ern 1000-ton furnace, with its 


bigger hearths straighter 
boshes. Break outs through the 


bosh are fortunately now quite 
rare “due to a long list of 
improvements which include bet- 
ter coke, better refractories, bet- 
ter hearth and bosh design and 
construction, better application 
of hearth and bosh cooling, and 
the high pressure clay gun.” 


Euer- Widening Circles of Prestige for 


CIRC-AIR HEAT TREATING EQUIPMENT 


To meet increasing demands 
for CIRC-AIR furnaces, we are 
enlarging our manufacturing facil- 
ities as shown above. 


With increased personnel and 
larger quarters, we are furnishing 
CIRC-AIR Units for all heating 
operations — 250° to 1350" F. 


These Units are used in the fol- 
lowing industries: AUTO- 
MOTIVE—For Drawing, 
Bluing, Soldering, Cast 


CIRCRIR 


Iron and Welded Parts, Stress Re- 
lieving: ALUMINUM—For Hard- 
ening, Normalizing, Drawing, Bil- 
let Heating for Extrusion and 
Forging: BRASS—For Annealing, 
Coloring, Sweating and Soldering. 


They are available in a wide 

range of sizes to meet varied pro- 

duction requirements from 200 to 
20,000 lbs. per hr. 


Send for “CIRC-AIR” 
Bulletin No. 6 today. 


WEAT TREATING 


EQUIPMENT 


INDUSTRIAL HEATING EQUIPMENT CO. 


3570 FREMONT PLACE 


DETROIT, MICHIGAN 
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Chrome-Magnesite 


Considerable work h, 
done in the study and i; 
ment of ramming mix 
packaged goods (meta! 
brick). Investigations 
tions at high temperatu: 
difficult to conduct in such 
way that the materials are not 
contaminated by their contain. 
ers. Equilibrium conditions fre. 
quently take days or even weeks 
to approach; trends of the reae- 
tions are therefore the most that 
may be expected. These trends 
depend a great deal on tempera- 
ture, for only the fluid portion 
of the mix reacts with appre- 
ciable velocity. Viscosity of the 
fluid portion at a given tempera- 
this is 
supposed to be the reason why 
MnO is so much more reactive 
much more “fluxing 
power”) than FeO at say 2300° 
F., despite the opposite indica- 
tion of the theoretical studies 

In addition to these factors, 
the porosity, permeability, uni- 


ture also varies greatly 


(has so 


formity, rate of motion of th 
slag or scouring element, tem- 
perature irregularities, imposed 
load, and type of mortar all influ- 
ence the rate of attack. Conse- 
quently all scientific studies must 
be verified by actual experience 
with furnace installations. 
“Synthetic” 
chromite and 
been utilized, and generally find 
many applications in openhearth 


refractories of 


magnesile have 


construction where they are more 
durable than silica shapes. The 
chrome ore used in these 
chrome-magnesite brick is usu- 


ally quite a comp'ex mixture o! 


minerals chromites of various 
Cr:Fe ratios, aluminates, and 
magnesium silicates such as 


serpentine and tale. The 
are responsible for the rela ely 
low strength of chrome brick 
under load, for they forn w- 
melting silicates, and fo! 
reason the addition of 


is of great help as it iner ses 
the viscosity of this liquid, a4 


(Continued on page 
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ALLOY PRODUCTION IS NOW A SCIENCE 
WITH SPEED AND PRECISION... 


and we can duplicate at any time’ 


Those are the exact words used by the Works Manager of the Driver-Harris 
Company, of Harrison, New Jersey, when asked his opinion of the value of 
AJAX-NORTHRUP Furnaces. 

for And he went on to say, “Our reputation is based not only on our ability to 


pioneer in the discoveries of new heat-corrosion resistant alloys, but to con- 


DRIVER-HARRIS tinue to deliver consistent analyses day after day and year in and out. 
ELECTRICAL "The AJAX-NORTHRUP Furnace is the scientific tool that enables the 
HEAT-CORROSION 


metallurgist to express the quality of his fondest imaginations, in terms of the 


RESISTING i 
ALLOYS actual delivered product. It is the only furnace where the alloy is completed in 
m the furnace and not in the ladle. 
"We use it for strip, sheet, rods, wire and castings. Spare furnaces with 
sles different shells are inexpensive and enable us to make quick shifts in production." 
) JLLETINS SEE AJAX AT THE METAL EXPOSITION, BOOTH 211 45 


AJAX-NORTHRUP MELTING FURNACE CAPACITIES: ONE OUNCE TO EIGHT TONS 


ELECTROTHERMIC CORPORATION 


AJAX PARK - TRENTON - NEW JERSEY 


O C1 AT E_ METAL Non-Ferrous ingot Metal for foundry use 
AJAX ELECTRIC FURNACE CORPORATION, Ajox-Wyott Induction Furnaces for melting. 


Cc OM P ANIE S AJAX ELECTRIC CO., inc., Ajox Huligren Salt Both Furnace and Resistonce Type Electric Furnaces, 
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Refractories 


(Starts on page 584) 
forms spinel and forsterite crys- 
tals, to the great improvement 
of the refractory qualities. 

The principal trouble with 
chrome-magnesite refractories, 
according to J. F. HysLop’s paper 
before the West of Scotland Iron 


and Steel Institute (quoted in 
Blast Furnace and Steel Plant 
for August 1941) has been their 
troublesome reaction with iron 
slags. They expand, and in 
extreme cases completely disin- 
tegrate. The usual explanation 
is that iron oxide has been taken 
up in solid solution in the chro- 
mite particles, with consequent 
increase in volume. Microscopic 
and X-ray evidence shows that 
this action must be limited to the 


Defense Program. 


ing demand. 


* WE ARE BUILDING DETROIT ELECTRIC FURNACES 
THREE SHIFTS...24 HOURS A DAY... 
FOR AMERICA’S DEFENSE PROGRAM 


The Detroit Automatic Rocking Electric Furnace was born during 
World War I to meet the need for a really efficient, fast melting 
furnace that would conserve the nation’s fuel and metal deposits. 


Today these furnaces are again playing a vital part in America’s 


We are busy building Detroit furnaces 24 hours a day, to the limit 
of our capacity, in the effort to keep up with the steadily increas- 


These furnaces are used for melting many different types of metals 
and alloys including Navy “M.” Navy “G.” aluminum and man- 
ganese bronzes; high speed, stainless and heat resistant steels; 
alloy grey irons, short cycle malleable, nickel, monel metal, etc. 


The Detroit furnace produces a large number of heats, large or 
small in rapid succession with a minimum of maintenance. For 
versatility, production speed, control of composition, low labor 
costs, low metal loss, and all-around economy, you cannot beat a 
Detroit Electric Furnace. Write today for complete facts and prices 
or see us in Booth E50 at the National Metal Show, Philadelphia. 


DETROIT ELECTRIC FURNACE DIVISION 


KUHLMAN ELECTRIC COMPANY 


° BAY CITY MICHIGAN 
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outer layers. The evidence, ithe; 
supports the view that the sar». 
ful reactions are due to »igrg. 
tion of magnesium atom. 
would seem that the liqui jroy 
oxide, penetrating the pores of 
the brick, picks up magnesium, 
aluminum and chromium from 
the refractory materials, thys 
becoming much more refractory: 
however it tends to form and 
precipitate crystals of high melt. 
ing point. This growth of ney 
crystals within the pores is prob. 
ably the disrupting element. 


Super-Refractories 


Refractories with great heat 
resistance have been made of 
alumina-silica mixtures high 
enough in alumina to produce 
the mineral mullite (72% AlL,0,) 
or even much corundum (pure 
Al,O;). However in_ practical 
applications these very refractory 
minerals are cemented together 
by less desirable glasses, and 
failure has often resulted from 
intergranular attack of this bond- 
ing material. Hence the recent 
efforts to minimize the amount 
of this 
This is being done commercially 
in three ways. 

First, and earliest, is the now 
well-known method of casting. 
A mixture of pure ingredients is 
charged into an electric furnace 
and melted under heavy are from 
Pouring tem- 


extraneous’ substance. 


carbon electrodes. 
perature is about 3500° F. Molds 
are of clean sand, and are buried 
in sand so the casting cools very 
slowly. While the chemical 
analysis of a piece of cast 
“mullite” may be the same as 4 
brick made and fired in the con- 
ventional way, it has a porosily 
of 3% compared with sa) 29% 
for the brick. Microsco: cally 
the casting may contain 20% of 
alundum crystals and « little 
interstitial glass in addition te 
the mullite; the structure 
naturally brittle to vical 
and thermal stress. 

A material called “Sien 

(Continued on page 61 
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CERTAIN CURTAIN PRODUCES 
AND MAINTAINS THE IDEAL ATMOSPHERE" 


As in so many other controlled-atmosphere applications, Hayes **Certain Curtain” 
control has again provided the most successful practical working atmosphere this 
time for moly steel which has become so important in the national Defense Program. 
Six years ago we started work on this particular problem, with the result that today 
Hayes users are in an enviable position, able to shift over to moly steels smoothly. 


aa 
wee 


without loss of precious production. 


If moly is constituting a problem in your plant or if 

yada al by ANY controlled-atmosphere job is on your mind gel 
-) dy, in touch with us by mail or at the Show. We are eager 
to serve you, and can schedule priority orders for very 


ELECTRIC( \FURNACES early 1942 delivery. 


CURT ANT. 


92 yp A St. 4614 Prospect 6388 Penn. Ave. 202 Forest Ave 4939 N. Talman Ave 
New Cleveland Pittsburgh Royal Oak, Mich. Chicago 


% 


: HAYES WILL BE AT THE METAL SHOW, BOOTH C-34 
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- spinel, about 10% of an unidenti- 


fied mineral and 38° of inter- 

Re fractori es granular glass. It does not 
soften below 3200° F. under load. 

It is said to be made of mixtures 


(Starts on page 584%) of chromium oxide, magnesia 
is being made by a similar proc- and alumina in approximately 
ess in Germany, and has given equal parts. 
considerable satisfaction in sim- J. H. ParrripGe has described 
ple shapes for basic openhearth two other methods of making 
linings and burner port blocks. alumina refractories without 
When examined under the micro- extraneous bonds in a_ talk 
scope it contains about 80% before the London section of the 


OLD IN 
THAN 


AYEARS 


Industry goes all out for 


AMCO Pit Furnaces 


When introduced four years ago, AMCO Pits 
established new production, fuel, maintenance 
and other unprecedented records for ingot- 
heating. 

Today, because of continued refinements 
and improvements, AMCO Pits provide even 


greater over-all economies 
PLUS 1096 further increase in tiie 


FULTON BUILOING 
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British Institute of ota), 


(reported in The Meta/ dus. 
try). One is the easti from 
fluid slips. Alumina is ve inely 
ground in water, and to set. 
tled “mud” is added ittle 


hydrochloric acid. The 
gen evolved by the slow attyet 
on impurities is responsible fo 
a creamy suspension, and this 
is poured into plaster of paris 
molds. The “east” Cusuatly jy 
the form of thin-walled crucibles 
or dishes) is dried, and fired 4 
3000° F. Shrinkage is high (20 
at 3200° F.) but the laboratory 
ware is highly resistant to ean. 
rosive attack by fused alkali, 
glass or slag. Such articles hay 
been marketed under the name 
of “sinterkorund” 

The other method of manu- 
facture is by the use of tem- 
porary bonding agencies. Finely 
ground and graded materia! 
(alumina, magnesia or steatile 
may be molded in dies (using 
the technique of powder mets- 
lurgy); the bond may be flour 
paste or metal hydroxides which 
decompose during firing. If th 
grinding is sufficiently fine and 
the size distribution of particles 
correct, even these bonds may lx 
dispensed with, as the dry com- 
pact has sufficient coherence t 
withstand gentle handling unt! 
it is fired. Re-entrant spaces 
these molded articles pro- 
vided by paper inserts, which 
later burn away. One advantag 
of these compacts of dry pow- 
ders is their high accuracy and 
very small shrinkage during 
firing; they are favored for elec- 
tron tube manufacture in places 
where high electrical resistance 
at high temperature is needed 
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The rt metallurgist may easily be confused by electronic gadgets and 


nal claims for a multitude of control devices, so Major Behar 


prom 

has. the following article, done a useful job in classifying their 
fund. ental elements, and pointing out certain inherent limitations 
— 


Instrumentation 


Chief Trends and Some New Data 


e As oN previous occasions, the Editor of 


Merat Procress planned this Instrumenta- 
lion Section along broad, far-reaching lines, 
refraining from laving down rigid specifications 
as to the period reviewed (“last five vears 
no reason for setting a definite time limita- 
lion”), as to the scope (“instruments which are 
used by metallurgists or whose application is 
supervised by them”), and as to the length 
(“article vou gave us some vears ago perhaps 
longer than necessary”). Somehow, the recip- 
ient of his invitation was made to feel like an 
yonored guest rather than a victim! 

An added ingredient of the invitation was 
in implicit and unobtrusively flattering allu- 
sion lo the value of the requested article to the 
national defense. An effort will be made, there- 
lore, to select the most significant recent trends, 
‘0 Interpret some of them, to suggest immedi- 
tlely realizable possibilities, and to avoid a 
ihore-or-less lifeless catalog of things. This 
year, Moreover, an awareness of the priorities 
situation should prevent writers of engineering 
reviews from devoting too much space to some 
of the most sensational new developments 
Which the great majority of readers cannot 
obtain at any price. 

roadly reviewing the field of instrumenta- 
‘on, the outstanding example of such a signifi- 
vant development during the last five vears is a 
radially new design and construction of .elee- 
‘Thea’ “movement”. It is of interest to metal- 


lurgists for two reasons: (a) It has been made 
possible by one of the major metallurgical 
advances of the last five vears, namely new 
magnetic alloys; and (b) the new “movements” 
can serve as ammeters, voltmeters, wattmeters, 
milliammeters, millivoltmeters in the innumer- 
able classes, types and varieties of metallurgi- 
cal measurement and control devices. They 
revolutionize both direct and alternating cur- 
rent measurements incidental to the proper 
control of metallurgical operations. 

It is reported that the entire output of the 
most widely utilized models goes to the navy 
vards and aircraft plants with highest priority. 
It is an easily verifiable fact that the orders 
now being accepted are for delivery at future 
dates which are expressed not in weeks but in 
months ... or vears! This is true also of some 
specialized types of testing machines, measur- 
ing instruments and automatic control systems 
made by various tvpes of manufacturing com- 
panies ranging from specialized instrument 
makers to large corporations with instrument 
and meter departments. 

As a whole, firms in the industrial instru- 
ment industry enjoy high priorities. The writer 


By M. F. Behar 


Ed 
dilor of Instruments 


Pittsh irgh Pe 
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Essential Units of Leeds & Nor- WER get wr befor 
thrup’s Electric Valve Control Are " gets better. 

the Micromax Mechanism (Left). W hat the In Wor’ 
Electric Control Unit With Droop “improvisation”. But that 1 Wor 
Corrector” (Center),and Valve Drive which any bright schoolboy uld p 
Vechanism (Bottom). Micromax down. It's about as useful to je bus) 
motor and valve motor both drive slide reader as “inventiveness”, “r: ircet 
wires in circuit with opposite legs ness” or “ingenuity” — all of which Rinse 
of a secondary potentiometer bridge; already come to the reader's mip, 
when the first motor unbalances the Besides, the kind of improvisation eM 
circuit of this bridge it also actuates on is not so much a form of ing he. 


a relay to energize the valve-drive 
E it is a fruit of knowledge of the scieyo, 


of instrumentation. 
is not even improvisation but intellice: 


motor, which moves far enough to 
In a large) sense 


bring the secondary circuit back in 


balance. Consequently the micro- 


max and valve motors move in step 


has not heard of a single complaint by one of their purchasing 
agents. On the other hand he has overheard their engineers 
comparing notes with metallurgists (even metallurgists in plants 
producing defense materiel), the latter envying the former. On 
the whole, therefore, the supply of measuring, controlling and 
testing instruments has not been reduced. Quite the opposite; 
the total production of types and models available to both 
defense and non-defense industries is rising just about as fast 
as the total demand. 

But — and here is the important qualification 
gist cannot always obtain the particular piece of equipment he 
had set his heart upon. He has to shop around. He has to impro- 
vise. A few metallurgists are just awakening to this situation, 
to quote Grover 
- Mark 


a metallur- 


which did not come about suddenly! But 
it is a condition and not a theory, and 


Cleveland 
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n based on adequate knowledge of 


sele 

ava methods, and correct application 
bast , adequate knowledge of characteristics 
of pr. urable devices. 


ich brings us to the most significant 
rect rend and suggests the nature of that 
port which the Editor of Merat ProGress 
desires to be of “permanent reference value”. 

‘etallurgists Are Co-Discoverers 

of Instrumentation 
ly) February 1924 the word instrumentation, 
after long service in the domain of music, was 
adopted to denote a phase of modern tech- 
nology. It has two newer meanings. The 
simpler meaning is physical; in this sense 
instrumentation means instruments — but not 
instruments in general, but a number of devices 
for measurement and automatic control intelli- 
ventiy and purposefully conceived, designed, 
developed, specified, installed and maintained. 
Thus the word means diversified apparatus 
whose duties are unified into a common func- 
lion of measurement and control. 

Note that even through this narrow physi- 
cal definition —a definition of things — there 
shines forth the underlying idea of coordina- 
tion; that is to say, of some kind of an art, or 
a craft, or a technique, or perhaps a science. It 
was with this underlying idea that the word 
instrumentation was endowed in 1924. The 
abstract meaning of instrumentation is there- 
fore “the science of measurement and control”. 

The new science did not suddenly spring 
forth full-armed like Pallas Athene. No science 
does, or can. It naturally takes years to assem- 
ble and organize data, to formulate a body of 
doctrines and principles, to set them down in 
black and white, to get them published. 

Metallurgists can share with chemical engi- 
heers the credit for discovering that a project 
had been under way since 1924 to formulate 
this new science. It was a metallurgist on the 
staff of the “Encyclopaedia Britannic: 
arranged for the author to contribute to the 
Mth Edition (1929) an article on this new sci- 
ence and an editor of Chemical and Metallur- 
gical Engineering who cooperated to print a 
special Instrumentation Issue. Likewise Ricu- 
Rimeacn, &, undertook to publish the series 
of volumes on Measurement and Control and 


who 


incorporated these very words in the title of 
the tnagazine he had founded in 1928. 
ice then, ever-growing numbers of men 


in one industry after another have discovered 
the value of instrumentation — not merely the 
rather obvious advantages of using instruments 
instead of human senses, but the practical value 
of education and training in the science and 
technique of instrumentation. Today all pro- 
gressive American technical journals make it 
their policy to publish articles on new equip- 
ment and on various phases of the science of 
instrumentation. 

A cause-and-effect example, in) which 
metallurgists shine, is afforded by the newest 
phase of instrumentation, namely automatic 
control of furnace atmospheres. Early in this 
century metallurgists saw the value of “neu- 
tral” or “protective” atmospheres, but they and 
the furnace builders lacked the concept of con- 
trol. Furnace atmosphere was like the weather 

a condition of importance but nobody could 
do anything about it. In 1915 a publication by 
Wurre and Hoop marked the first turning-point; 
suddenly we became aware that human brains 
could do something about it. 

During the next 15 years metallurgists 
gradually defined what they wanted, but most 
of the solutions of the problems took the form 
of expensive equipment, high in first cost 
and requiring expert attention. Then in_ the 
mid-thirties, like a parachute flare suddenly 
lighting up the landscape, came the first appli- 
cation of that most essential instrumentation 
doctrine: “Before a condition can be controlled 
it must be measured.” Metallurgists who had 
been indoctrinated, who had reaped rewards 
in the field of temperature control from their 
study of instrumentation principles, were the 
ones who taught the world, so to speak, that 
these same principles could be applied in 
obtaining “tailor-made” furnace atmospheres 
automatically. Having learned the fundamental 
lesson that all control problems are essentially 
similar, having learned the lesson of tempera- 
ture control, they are “improvising” in a new 
field — they are writing and teaching the atmos- 
phere control chapters for everybody's benefit 

including erstwhile teachers turned students. 


One “Secret” Is the Correct Choice of 
Elements in a System 


Thus it is plain to see that the conquest 
of new fields consists largely in what roughly 
can be called improvisation, even when there 
are no shortages. In view of the increasing dif- 
ficultv of obtaining certain complete automatic 
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As Tabulated by William Hume-Rothery 


Sheet I of 3 


Crystallography of the Chemical Elements 


4 


in The Structure of Metals and Alloys; Monograph No.1, British Institute of Metals. 
Emendations (by HC Vacher) represent values that have appeared in the literature from 1936 to 1940 inclusive. 


S Constant Distance = 
Atomic Arrangemenent Ratio Ss 
No. in Free Atoms B= C+a NS Q ‘ 
S 
Group ITA in Perrodic Sequence 
3, Lithium 8 3.501922 — 35.033 3.13 
11, Sodium 1 8 | 428205 3.708 5.8. 
19, Potassium (2){BN(8) 1 ® 8 | 53335 — | 4618 — | 42 
37, Rubidium I8)(8) 1 8 | 562003); — 4.87 — | 5a 
at -173°C. at -1735 C. 
55, Gesium 1 8 |6057003| — | 524 — | 54% 
at -173C. at 
87, virginum (IB) 18)(8) 1 — — — 
Group IB 
29, Copper — 5.6078 25511 — 2.55 
472, Silver (18) 1 a) 12 40778 28855 — 2 885 
79, Gold 1 40699 28778 2.877 
Group ITA in Periodic Sequence 
4, Beryllium (2)2 a-0 | 15848 | 66 | 226% | 35942 | 22035 | 22679 | 225 
B-0 | 182 — | a 10.8 — — 
12, Magnesium 2 16236 6.6 3.2022 5.1991 51900 32022 | &20 
20, Galcwum 2 a@-o we | 556 595 
at 460°C. 164 6,6 3.94 646 594 3.955 3.98 
38, Strontium (CNB) 18)(8) 2 2 6.075 4296 4.296 
56, Barium 2 8 5.015 4343 448 
Group IB 
30, (18) 2 1.8560 6.6 2.6590 4.9351 26590 2.906: | 2748 
48, Cadmium 2 18859 6.6 | 29731t2| 5.6069¢5 | 29731 3.2872 | 5.042 
80, Mercury [HBV @=70%17’ 6 |2999at-46C — 2999 310 
Group ITA in Periodic 
5, Boron [2] 3 — — — 
13, Aluminum 3 40414512 2.8577 — 280 to286inoted' 
21, Scandium 2 a-O we | 4.532 3.925 — | 3925 | 2 
B-0 1.585 6,6 3.30 5.25 3.25 3.30 3.265 
39, Yttrium 2 1588 6.6 | 3.663 5.8/4 3.595 3.663 5.629 
57, Lanthanum 2 a@-0 1613 6,6 | 3754 6.063 3.722 3.754 3.74; | 
B-0 12 5.296 3.745 — 5.745 
Group IT B 
31, Gallium [2)(8)(18] 3 o | | — | 45162 7 6448 (notec) 
=1°0.99868:1 69257, 6-45102 
49, Indium 3 A 1078 4,8 4 585t4 9941ts |\4at 3242 | 8at 33570 | 5.156 
8), Thallium 18) 32)(18) 3 1.600 6.8 5.450 5.520 3404 3450 3.42 
A-0 2 | 4841 — 3.423 


Notes:(a) @P is body-centered cubic; G18 face-centered cubic; 0 18 close packed hexagonal; 2 1s simple rhombohedral; 0 1s arthorhor 


face-centered tetragonal 


(0) Apoears to be smaller in same alloys. 


(¢) 8atoms to unit cell; ach atom has 1 neghbor at 2437, 2 at 2706, 2 at 2736 and 2 at 279s. 
(f) Atomic diemeters for new values have been computed by following Hume-Rotherys procedure whenever possible 


(Q) See Page 580, Metal Progress, May 1941 
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systems and even desirable compo- 


nen ne of instrumentation’s most valuable 
tions to national defense at this time 
‘ake the form of a permanent reference- 


, the solution of problems through this 


con 
sho 
ould 
kine improvisation. 
defi as (a) intelligent selection, based on 
ie knowledge of available methods and 


It has already been 


ade’ 
(b rect application based on adequate 
know cdge of characteristics. 

ere is no space here for a complete ref- 
erence-guide, This would amount to reprinting 
the “Manual of Instrumentation”, the published 
chapters of which run to more than a thousand 
pages. Moreover, it is our intention to present 


new material which has to do with the field of 


intermediate elements. 


Intermediate Elements 


intermediate elements have heretofore 
received little attention in comparison with the 
thorough analyses of the characteristics of pri- 
mary measuring elements (such as thermo- 
‘couples, gas conductivity cells, and so on) and 
of final control elements such as valves. Our 
treatment is applicable to all phases of metal- 
lurgical instrumentation — temperature, pres- 
sure, physical and chemical properties of 
metals, of furnace atmospheres and of individ- 
ual gases — but in order to simplify it we shall 
assume that the only condition to be controlled 
stemperature. The reader can make a mental 
substitution with ease. 

Perhaps a case study will serve better to 
illustrate how to use the following 
disclosure of prime-relay character- 


element of the vet-unspecified control system. 
From the available data the conclusion emerged 
that the fuel and air valves should be of a defi- 
nite type and of certain sizes; also that they 
should be operated hydraulically. Next came 
an investigation of primary elements respond- 
ing to temperature and this logical second step 
in the study resulted in the choice of a closed- 
end refractory tube extending into the furnace, 
with a permanently installed, water-cooled 
radiation receiver sighting on its hot end. The 
third and final step was to select the interme- 
diate elements of the system. Here is where the 
client ran into such complications and costs 
that the “logical” first and second steps appar- 
ently turned out to have been an illogical waste 
of time: On the one hand hydraulic operation 
of the valves required a relatively huge power 
input; on the other hand the “power output” 
of the pointer of an electrical instrument, actu- 
ated by the radiation received by the thermo- 
pile, was relatively feeble. Thus it appeared 
at this point that the radiation receiver should 
be hooked up to a control potentiometer com- 
manding a pair of motor-driven valves, which 
in turn would command the hydraulic cylinders 
operating the fuel and air valves. The appar- 
ently inescapable conclusion was to abandon 
the idea of hydraulic operation, operate the fuel 
and air valves by reversing type of electric 
motors, and save money by having the con- 
trol potentiometer command the fuel and air 
valve drives directly. 

“Hold on! What makes you think that the 


thermopile cannot develop enough power to 


istics. A certain client decided to 
install a new temperature control 
system on a certain furnace and 
logically began his study with the 
required characteristics of the final 


The Lindberg Throttling Control”. Behind 
the terminal board is the valve-operating motor, 
connected by gear segment and long-pitch 
spiral to the pointer carriage which also 
carrtes contactors to stop the motor. Open 
position of valve is limited by contact with the 
roller on the limit switch at top of mechanism, 
adjustable in position through the second 


‘pira’ and its reversible motor. When the high 
contro’ point is reached, the adjustable limit 
swute’ ts moved a little to the left, thus throt- 
tling the valve slightly when it next moves open 
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Crystallography of the Chemical Elements 


As Tabulated by William Hume-Rothery — 
in*The Structure of Metals and Alloys; Monograph No.1, British institute of Metals. 


Emendations(by H.C Vacher) Represent Values that Have Appeared in the Literature fram 1936 to 1940 Inclusive 


Element Electron 3 Axial — 
Atomic Arrangemenent RL Ratio eS a. 
No in Free Atoms C+a & 
GS 
Group IVA in Periooic Sequence 
22, Titanium a-0 160! 66 2953 4729 2915 295s 29 
(sightly over 900°C) B-® 8 3.52 2.875 29 
40, Zircomm | _ a-0 1589 | 66 | 3228 5.123 3166 | 322s | 3/5 
(data for 867°C) 8 36) 3.126 — 
72, Hafnium 2 1587 66 | 3200 5072 3.139 3.200 3.17 
90, Thorium 2 — 12 \S0?20r5091 3539005600 — — 
Group WB, Including Carbon and Silicon 
6, Carbon, diamond le] 4 © — 4 5.5606 15113 — 
graphite O (/b) 275 6 246 878 142 246 — 
14, Silicon © 4 5.41735 23452 — 
32, Germanium 4 © 4 5.642 244s 2788 
50, Tin, gray 4 © 4 6.46 3.164 
white 4 05456 42 | 58194 31758 3016: | 3.1753 — 
82, Lead 4 12 49389 5492s 5.494 
Group VA in Periogic Sequence 
23, Vanadium 2 8 5.0338 26274 — 2.69 
41, Columbium 1 8 3294+ 2853 254 
73, Tantalum 2 8 3295 9t3 — 28544 294 
91, Protoactinium\ 2 — — — — 
Group VB 
B= hex. 163s 403419 | come 
15, Phosphorus, metallic 5 33) b-438 1050 217 220 
33, Arsenic 5 Oo 54°75" 3,3 4/3526 — 2507 3.139 
51, Antimony § QO §7°6.5" 3,3 4497 6t2 28795 3.35784 228 
83, Bismuth @-57°142) | 33 | 4735626 — 51036 | 34728 | 364 
Group in Perrooic Sequence 
24, Chromium 7 8 | 28786 2.4929 257 
B=0 1626 66 2712 4418 2709 2737 27) 
42, Molybdenum (13) 7 8 3 1403 — 27196 280 
74, Tungsten 12) 2 8 5.1583 27352 2.82 
B=cubic(c) atoms nunit cel, 5.038 2519 2816 
92, Uramum 2 0 | 4atomsinunitcel, 2852 4945 276 285 
8:0:0 b=-5865 
Group WB 
8, Oxygen [2/6 @-D | 4atomsinunitcell| S50 | 344 — 
=1:0697:0. 625, b=-582 
B-2 &-991° I2atomsinumt cel 619 
7 =cube 16atoms n unit cell 6.83 
16, Sujphur 6 | 1048 2458 212 336 - 
= 1: 1233: 23543, beh 
at 103T. (o)mono-\a:b:¢ = 1:1011:1006 1096 — 
cline =| b-1102 
34, Selenium (218118) 6 Ove) 11440 | 24 | 4337 | 4.945 2316 | 3457 
monochieta) 8992 1.52 
32 atoms in unit cell; «91°54; b-8973 
monoclinic (3) | 1274 | 925 -- 
32 atame in unit cell; B=95°4'; b-8.04 
52, Teluruum || Oe | 133 | | 4465 5912 | 2858 | 346 
84, Polonium pseudo hexegone/ 3atoms in psevoocell 425 706 or 14:12 
probably monoctinc| a:b:C«1:0578:1900 | 242 14.10 34 40 
22 atoms unit cell; b-429 


Notes:(2) @ 1s body-centered cubic; ais face-centered cubic; 0 is close packed hexagonal except as noted; > 1s diarnond; & 1s tetragane 
1s rhombohedral, and is orthorhombic. on 


(6) Graphite is hexagonal, not close packed, with four ators per unit cell 


(C) Cubic structure; two positions distinguishable, X and Y. Each atom X has 12Y at 2816 


(a) Umt cell contains 488 or 6S8 
(e) Hexagonal, not close packed; each atom has 2 and 4 at Ao. 


(f) Atomic diameters for new values have been computed by 


(g) See Page 580, Metal Progress, May 1941 
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4: each atom Y hes 2Y at 2519 and 44 at 28 
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e a hydraulic relay?” the client was 


isl 
don’t think it; I know it. Everybody 
kn how delicate a millivoltmeter is. All we 


( from a thermopile is millivolts — cer- 
tai not volts — and with milliamperes as the 
1um current, we only have microwatts for 


det ing a pointer. How can such a pointer 
actu te even the most exquisitely balanced 
pilo! oil valve without the drag causing serious 
errors? How can it actuate two pilot oil 
valves?” 

he trouble was that the client thought only 
in terms of the conventional d’Arsonval type of 


millivoltmeter. There are solenoid and other 
tvpes which are commonly used as control ele- 
ments in various electrical engineering appli- 
cations. But the client did not even have to 
shop around in the unfamiliar field of auto- 
matic millivolt regulators. He was shown a 
drawing of a combination millivoltmeter and 
hydraulic relay which came out in Europe some 
len years ago and there was a happy ending to 
this story in the discovery that such a combina- 
tion was on the American market. 


Characteristics of Prime Relays 


One of the ways of classifying all indus- 
trial temperature instruments is: 

|. Direct acting, or direct writing, or direct 
deflection, or self operating equipments, and 

2. All others; which employ an external 
source of power. 

The latter are called “relay” or “servo- 
motor” instruments, both exact designations, 
because a device or system of this kind makes 
use of a relatively powerful servant and com- 
mands this servant by means of some arrange- 
ments which we may call a pilot or relay. We 
are concerned here with the most important 
the prime or initial relay, the one immediately 
associated with the measuring element. In any 
control system of this second class, the primary 
measuring element is the most important mem- 
ber of the team; and the prime relay is the one 
lo study with greatest care. To study these 
iumerous kinds of relays we must classify 
them. Throughout the following discussion, the 
word relay is used to denote the means whereby 
the measuring element is enabled to command 
a servo mechanism without doing any other 
wor than actuate the relay. 

Pneumatic Prime Relays — This class 
's toostly made up of compressed air devices 


but it includes vacuum systems and gas oper- 
ated systems. The characteristic feature of the 
usual dead-end and bleed arrangement is a 
single line for controlled air leading from pilot 
to power device, so that the action is uni-direc- 
tional (“single action”). In the usual power 
device a flexible diaphragm is moved in one 
direction by the air pressure and in the other 
by a spring. The characteristic “give” prevents 
locking-in-place of the power device and, if the 
controlled valve is imperfectly balanced, load 
error (“droop”) is inevitable. However, there 
have appeared secondary pneumatic relay sys- 
tems known as “regulators” or “valve position- 
ers” which provide micrometric lock-in when 
properly adjusted. Some are double-action sys- 
tems comparable to the hydraulic class. 


So-Called ** Radio Principle” Utilized in W heelco Instru- 
ments Since 1933. Current from the thermocouple swings 
pointer toward right, and the inductance of coils (a) is 
varied as flag (b) passes between. This changes input 
to radio tube (c), and its corresponding output. The latter 
operates relay (d) which controls required mechanism (e) 


> Voved by vent Deve. 


| 
| 
+ 
van ther 


Most primary pilots, directly actuated by 
the measuring elements, impose practically no 
variable drag on the measuring elements; and 
some of the fully balanced and floating designs 
are entirely free from metal-to-metal friction. 

Pneumatic relay instrumentation is rela- 
tively inexpensive, except where large high- 
pressure valves must be commanded, in which 
case the lower cost of electric motor-driven 
valves may offset the differences in all the 
other elements of the systems. Compressed air 
storage tanks assure continuous operation if 
electric power is interrupted. (Intelligence 
officers, take notice!) Speed of operation of 


power device is also readily adjustable. 
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Crystallography of the Chemical Elements 


As Tabulated by William Hume-Rothery 
in’ The Structure of Metals and Alloys,‘ Monogreph No.1, British Institute of Metals. 


Emendations (by HC Vacher) represent values that have appeared in the literature fram 1936 to 1940 inclusive. 


§ fattice Intgrotomic | | 
Element Flectron Axial onstant ystance : 
Atomic Arrangemenent Ratio |&s SEs! 
0. in Free Atoms B C-a < & 
NS | 
Group WA in Periooie Sequence | 
25, Manganese 2 a@=cubic(note b) 8 894 — — — |-| 
B= cubic (note c) 12 &300 — — — 
7-4 0 934 3774 3.526 2582 2669 — 
75, Rhenum 32) 2 1 6148 27553 44493 273549 27553 275 
Group IIB 
9, Fluorine le]7 = —|- 
12, Chlorine ray 856 E12 188 (notee) — — | 4] 
16 atoms in urut cell 
35, Bromine 7 0 =1:149:195 | 4.48 8.72 227 noted — 
8atoms inunit cel; 6-667 
53, /ooine 7 abe=1:151:204 | 4795 | 9780 270 noted — |- 
8atoms in unit cell; b=7255 
85, Alabarnine 7 — | — — |- 
Group in Periooic Sequence 
26, 14) 2 2864 | — 2.49772 — 
— — | 364 at900T— 580 252 | - 
2?, Cobalt (2UEUI5) 2 @=-0 1624 — | 2507 4.072 2.499 2.507 250 | - 
-- — | 354s 250? 2507 | 
28, Nicke/ 2 1&4 2.49 408 249 2.49 2499 
B-o — | 35170 2.4869 2487 | - 
44, Ruthenum 18) (15) 1 1583 — | 26984 4.2730 2644 | 2698 267 | 8 
45, Rhodium 1 — 3.7955 2.6838 2.684 | 
46, Palladium (78) (18) Q — 58824 2.7453 2745 | - 
76, Osmium 14) 2 1.579 2.7298 43104 2670 2730 270 8 
22, Iridium 2 — | 2709: — 2709 | 
Rare Earth Group 
58, Cerium a-0 162 6.6 3.65 5.97 3.63 3.65 364 | - 
— | 3.637 — 3637 | - 
59, Praseodymium 2 @) 1.620 6.6 3.857 5.924 3.638 3.657 3.65 - 
60, Neodymium 2 0 1608 6.6 3652 5.88 3.619 3.657 364 | - 
62, Holmium 9) 2 0 1580 6.6 3.55 5.620t5s | 3480 3557 3.52 
68, Erbium 2 0 163 66 3.74 6.09 373 3.74 3.73 


Notes: 1a) @ 1s body-centered cubic; © 1s face-centered cubic; 0 1s Close packed hexagonal; 018 orthorhombic; & 1s tetragonal. 
(b) Approximates & where each lattice point is a cluster of 29 atoms, 1 type X,4 type A, 12 type Ds and 12 type D;. The X atoms occupy the 
largest volume and the De the smallest. Interatornic distances of neighboring atoms are as follows: 


X ators have: Aatoms have: De atoms have: Dh ators have: 
12 De at 277 1X at 282 1X at 27) lA at 2499 and lat 296 
4A at 282 3D; at 249 and 3 at 296 2A at 2.69 and 1 at 289 1De at 245, Zat 251 and 2at 2b 
3D2 at 269 and Zat 289 1Deat224 and 2 at 238 8D: at 267 


1D; at 2495, 2at 25) and 2 at 266 
(c) Comphcated structure with 20 atoms of two kinds in unit cell Fach atom of the first kind has: 


3 newhbors at 2565 
3 2.530 
5 
3 675 
£ach atom of the second kind has: 2neighbors at 2530 
C 2EIS 
¢ 2659 
2 +267) 
-- © 2.675 


(a) Atoms arranged in pairs so that each one has one close neighbor at a distance 0. 


(@) The authors give 199 as the closest approach to a neighboring atom, however, they aid not indicate clearly the spece group. If the space oul § 
DR with 16 ators to a unit cell and the x, ¥, and Z parameters are 0125, 0 162 and O 102, 


(f) Atormc diameters for new values have been computed by following Hume-Rothery’ procedure whenever possible. 
(g) See Page 580, Metal Progress, May 1941 
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ent developments in pneumatic circuits 
con jing a succession of relays (similar to 
the nciple of “cascading” and “feed-back” 
ectron tubes) have added stability and 


wil 

hav. jus made the pneumatic system capable 
at | if meeting difficult variable loads. (How- 
eve may be worth mentioning that the 


| pneumatic relays were invented and 
deve oped by instrument men for instrument 


Hydraulic Prime Relays — Although the 
Greck root means “water”, this class comprises 
all svstems where an “incompressible” fluid is 
the operating medium. In control systems, oil 
is most frequently used. Ample power of cyl- 
inders, positive operation, and possibility of 
locking-in-place are the most obvious charac- 
teristics. In general the action is relatively slow, 
but accurate adjustment of speed is an advan- 
tave. On the other hand, jerky action is all too 
frequent in some cheap systems. 

Most pilot valves with longitudinal motion 
consume too much energy for actuation by elec- 
trical movements and by most other measuring 
elements. This undesirable erratic drag effect 
has been minimized in the newer pilots and 
almost eliminated in the pivoted “jet-pipe” 
relay. Prodigious ingenuity is evident in 
recently perfected hydraulic circuits, mostly 
inspired by those of turbo-generator governors. 

4. Mechanical Prime Relays It is mostly 
in the recording, integrating and totalizing 
instruments that one finds mechanical relay 
and amplification systems. The enormous dis- 
proportion between the classes and types of 
escapements, clutches, triggers, torque amplifi- 
ers, and other mechanisms, and the total num- 
ber in use precludes further discussion here, 
except to invite attention to the fact that the 
proper performance of many recording and 
controlling instruments employing mercury 
switches, electric contacts or electric-driven 
charts depends upon the correct functioning of 
mechanical relays actuated by feeble measur- 
ing elements and, in turn, operating the electri- 
cal devices. 

|. Electrical Prime Relays — The great 
majority of electromagnetic relay systems in 
industrial instrumentation are “on-and-off” 
devices whereby circuits are instantaneously 
opened or closed. The simplest are those 
Wherein contacts are directly attached to the 
porters, These are electric rather than electro- 
meacnetic and they naturally divide themselves 

single-contact, high-low, and so-called 


“Converter” Used in Latest Brown Instruments. In this any 
small direct current from a control point is transformed into an 
alternating voltage, and amplified sufficiently to operate a 
motor to which is directly geared the indicator, recorder, and 
slide wire contactor on the null-balance measuring circuit 


“three-position”. Next come the true electro- 
magnetic relay arrangements, whereby rela- 
tively delicate contacts at the pointer actuate 
a power relay with relatively high ratings. 
(“Power relay” here denotes a great variety 
of switchgear, all described in readily accessi- 
ble handbooks of electrical engineering.) 

The two principal classes of power devices 
commanded by the measuring element through 
electric and magnetic relays are solenoids and 
motors. In general, solenoids provide practi- 
cally instantaneous action and motors permit a 
choice of speeds. 

Although most electromagnetic relays are 
of the on-and-off type, there are several others 
which provide “throttling” modes of control 
some step-by-step, others continuously varia- 
ble. The simplest arrangement is to have the 
instrument pointer wipe a rheostat, but this 
imposes a drag on the measuring system and 
as a rule can only command another instru- 
ment of the pointer type. A modification is to 
have the pointer wipe a voltage-dividing 
resistor (commonly and erroneously called a 
potentiometer) which in turn positions a 
solenoid-and-contactor balancing arrangement 
commanding a relatively large motor. Another 
modification is the Allis-Chalmers rocking-con- 
tact type of resistor which is so frictionless that 
a damping device to prevent overshooting is a 
standard part of this “pilot”. Another step-less 
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| Regulating Resistance Shunt A 
‘ Field 
| | Géngrator Held | 
kheostat 
Generetar 
Dring Member — Leaf Springs | Aa! 
| Yy Individual Silver Buttan 
Mounted at End of Each y 
act 700 In Westinghouse’s **Silverstat™, Regulating 
Fixed Mounts Resistance Is Built up by Successive Spring 
Stop far Free Fras/'| diagram is one adapted to d.c. applications 
Of Léaf Springs 
/ analogues are used in the “Celect- 
of Ons 
ray system and in some “vibrat- 
roken 
Vertical Mounti | to Show Aim ing” types of thermo-regulators. 
Spring for 9 Air Gap in Which Negnetic High-Frequency Electrical 
Moving Arm _ fron Armature Circuit Prime Relays— The designation 
& [ asad “high frequency” has been adopted 
Stationary 
14 = Coil to convey unmistakably the idea 
Horizontal Mounting i? that this class of relay systems ull- 
lizes the properties of alternating 
AO 
current networks. Since most ac 
Mowing Iron "4 Rheosta 
Armature — 7 la phenomena manifest themselves al 
low or commercial frequencies, th 


designation “a.c. relays” would |i 


Stationary Magnetic Circuit correct, but in electrical engineer- 
ing terminology “high frequency” 
already denotes a class of special- 
ized devices much different from 

arrangement is found in the Westinghouse the systems here considered. 
“Silverstat”. Other continuously-variable elec- The outstanding characteristic of high 
trical relay systems have been devised. frequency a.c. relays is the possibility of elimi- 
The effect of a continuous variation or nating drag by doing away with contacts and 
“throttling” is obtained by vibrators and other pilot valves. In some systems the pointer o! 
circuit-interrupting devices (some of which are equivalent element serves as one plate of 3 
combination mechanical and electrical relays) variable capacitor, in others it serves as_ the 
whereby the closed-circuit time in each cycle of control element in an inductive coupling, the 
operation is a function of the position of the mechanical reaction in either case being almost 
pointer. The resulting mode of control is appli- negligible. 
cable only to processes with adequate energy Aside from these pointer-displacement sys- 
storage or “flywheel effect”. Therefore this tems there are others in which the relay is actu- 
equivalent of throttling is chiefly used for the ated without any mechanical motion at all. 
control of electric heat. Modern inverse-time These latter, of course, can only be used in con- 
relays of high rating for such heavy duty as junction with static measuring systems in ' ich 
furnace temperature control have periods of the measured temperature is translated in|) an 
one to five minutes. Other temperature control- exactly proportional electrical magnitude. | !i!s 
lers have periods down to a few milliseconds. representative electrical magnitude need ‘ol 
The original inverse-time cyclical interrupting itself be an alternating current effect; the { «le 
device, invented by Govy in 1897, held the direct current from a thermocouple, for ¢ | '™- 
temperature of a bath steady to within 0.005° C., ple, can be used as the controlling input. 
but was of relatively low wattage. Its modern Relay systems of this class are errone 5!) 
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“electronic” in nearly all booklets 

jing the recorders, controllers and tele- 

met ng system in which they are used. This 
rrect even when electron tubes are used 

itally. 

nong the most sensitive systems of this 


clas. are resonant networks adapted from radio 
and employing electron tubes as “servants” of 
ihe orime relay. The earliest ones for indus- 
trial temperature control known to the writer 


were developed by Wheelco Instruments Co, in 
1935. and employed tuning phenomena and 
radio tubes. But while they may all be said to 
use a “radio principle”, they should not really 
be classified as electronic relay types. 

5. Electronic Prime Relays — In this new- 
est class of control devices the relay proper 
is an electron tube, directly actuated by or 
fed from the measuring element or system. 
Although relatively few of the hundreds of 
commercial types of electron tubes are suitable 
as prime relays, other types are employed in 
the numerous circuits which have been devel- 
oped to take full advantage of the general char- 
acteristics of electronic relays. 

First among these general characteristics 
is suitability for actuation by static measuring 
elements (no moving parts). Conversely, no 
ordinary pointer-and-scale type of measuring 
element can be equipped with an_ electronic 
relay; and no ordinary type of electron tube 
can serve as a relay in conjunction with a 
measuring element of the mechanical displace- 
ment type.* 

The second outstanding characteristic is the 
enormous amplification of electronic relays 
up to 1500 in each stage. The third general 
characteristic is rapidity —instantaneous 
action. Other general characteristics (to which 
there are exceptions) are: Limited life, gradual 
or sudden alteration of tube constants without 
outward sign, fragility, low cost of spares, ease 
of replacement, and relative instability where 
the signal from the measuring element is of the 
order of a few millivolts of direct current. 

Electron tubes differ from all other relays 
in that while the constants of a tube are mostly 
inherent and are intended to be unaffected by 
external factors, their operating characteristics 

*Phototubes are not electronic relays. Even in a 
Photo-eleetric, optical pyrometric system where 
“brightness temperature” is measured and controlled, 
hhototube cannot be the relay because it is the 
uring element. The same is true of a mercury 


', grid controlled rectifier when used as the tem- 
ure-responsive element in a thermostat. 
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depend on external factors such as ambient 
temperature, character of signal, whether the 
load is purely resistive, inductive, capacitive or 
a combination thereof. 

Inherent electron tube characteristics 
depend on inter-related features of design and 
construction. With regard to the character of 
the space there is a twofold division: (a) 
Vacuum tubes, being evacuated down to a pres- 
sure of a millimicron or less, and (b) gas-filled 
or vapor-filled tubes, evacuated then filled with 
a pure gas or vapor al pressures between 5 and 
200 microns. With regard to types of cathodes 
there are (a) thermionic, (b) photo-electric, (c) 
cold and (d) pool, only the first two being com- 
monly used in measurement work and only the 
thermionic tubes being suitable for service as 
prime relays directly actuated by any measur- 
ing elements having electrical outputs. 

With regard to structure, the tri-odes and 
screen-grid tubes are the ones chiefly used. 
With regard to control of the electron stream 
there are (a) electrostatic means such as grids 
or plates, (b) electromagnetic means, generally 
coils outside the glass envelope, and (c) com- 
bination tubes. All of these are suitable in 
principle, so that practical considerations of 
dimensions, weight, cost and availability have 
caused the electrostatic-control tubes to be 
adopted most widely. 

As to the nature of the envelope there are 
(a) glass and (b) metal tubes, the characteris- 
tics being fragility and availability metal 
tubes still being relatively scarce. 


Bausch & Lomb’s Binocular Metallo- 
graphic Microscope of Brand New Design 
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Summing up, we may say that the single 
tvpe most suitable for relay service as under- 
stood here may be described as follows: High 
vacuum, thermionic-emission or heated cathode, 
amplifier tube with one or more electrostatic 
control electrodes. 

So numerous are the built-in means of 
control and the external methods of control 
(“hook-ups”) that further discussion cannot be 
attempted. 

6. Photo-Electric Prime Relays 
class of relays comprises both phototubes and 
photocells. Outside the field of instrumentation 
the former are considered “electron tubes” and 
in nearly all texts they are lumped together with 
the electronic relays mentioned above, while 


This 


photocells are excluded. For our purpose the 
only criterion is that electronic relays respond 
to purely electrical effects and have purely 
electrical outputs; whereas photo-electric relays 
are all those which respond to light and have 
electrical outputs. 

There are three classes of such devices 
(“selenium” or photo-resistive, photo-emissive, 
and photo-voltaic). All are widely used as meas- 
uring elements, but this is not the function con- 
sidered here. Their chief characteristics when 
used as relays are (a) absence of drag on the 
measuring element, and (b) practically instan- 
taneous response — the lag of the “selenium” 
and photo-voltaic classes being negligible. 

Other characteristics differ widely with the 
classes and types. There is no such thing as a 
phototube or photocell with perfectly and per- 
manently linear relationship between electrical 
output and intensity of illumination; all suffer to 
some extent from fatigue or temperature coefli- 
cient, but these effects are not noticeable when 
the tube or cell is applied as a simple trigger 
relay. Therefore, in applications requiring 
proportionality, they are preferably used in 
matched pairs and the deflection of the measur- 
ing element determines the ratio of the light 
falling on each. 


Study the Time Elements 


The ingenuity being increasingly displayed 
by metallurgist-instrumenticians in their 
improvisations depends largely on their knowl- 
edge of the characteristics of their equipments. 
The foregoing analysis reveals in particular 
that time of reaction or response is especially 
important. 
than in temperature and atmosphere control. 


Nowhere is this more significant 
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Moreover, in these metallurgical fields of yf. 
matic control, the most troublesome delay anq 
lags characterize neither the control instru. sent. 
proper nor the valves commanded by _ hes, 
instruments but the primary elements © \ey. 
selves. Even more specifically, the most sc joys 
lags are not inherent in the types of prinary 
measuring elements but in their actual { rms 
Thus a thermocouple with a fine gage wire may 
have a lag coeflicient of half a second but jt 
may be protected by such an ill-chosen set of 
ceramic tubes that the whole assembly lags half 
an hour! Again, a particular type of gas-analy- 
sis cell may have an intrinsic lag coefficient of 
0.2 sec. but its sampling tube may introduce a 
delay (not an exponential function but a plain 
delay) of several minutes. 

No controller can be better than its primary 
measuring element! Therefore, the proper per- 
formance of a controller depends, as does that 
of a manager, on the correctness and timeliness 
of the information it receives. It depends also 
on the limits of time, space and force within 
which its power may be exercised. Conse- 
quently, we lay down these basic requirements 
for automatic control of processing conditions 
in furnaces and other metallurgical apparatus: 

1. The condition to be controlled — or its 


variation must be measurable. 


1,000,000-Volt X-Ray 
General Electric X-Ray Corp. and Installed by Babeoc | 
Wilcox For Radiographing Joints in Steel up to 8-In. 1 
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E posure Chart for Radiography of Steel 


By Herbert R. Isenburger 
St. John X-Ray Service, Inc., Long Island City, N. Y. 


ry. ©SE DIAGRAMS are based on the following 
| ombination: Pulsating direct current tension 
ating equipment; line focus, grid action X-ray 


tul high speed industrial intensifying screens; 
blu. base safety film; 5 min. development at 65° F.; 
film density 0.7. 


\ solution is shown of this problem: “Find 
the correct exposure on 17-in. film at 36-in. focus- 
film distance for 3-in. boiler plate of density 7.85 
using 220,000 volts and 8 milliamperes.” 

To compute the exposure factor at the ends of 
films of various lengths and at different focus-film 
distances, the factors shown in the table are multi- 
plied by the actual density of the steel. In this 
example the factor 1.027 is located in the column 
for 36-in. focus-film in the line for 17-in. film. 
Multiply 1.027 by 7.85, the density of the steel to 
be radiographed, and the exposure factor is 8.1. 


Find intersection of 8.1 with 3-in. line on Chart 
I (Point A), project upward to voltage of tube 
(Point B on 220,000-volt line in Chart Il). Adjust 
Chart III so that Point C (corresponding to 36-in. 
focus-film distance and 8 milliamperes) is opposite 
Point B, and exposure time is read on central scale 
against arrow: 1342 min. 

Seattered radiation must be filtered to get sharp 
definition above 250,000 volts, and the use of such 
filters requires increased exposure times as follows: 
10% for 1% to 2 in. of steel, 20% for 2 to 3 in., 40% 
for 3 to 4 in., and 50% above 4 in. For instance, 
suppose the conditions in the above problem remain 
the same, except a 300,000-volt source is to be used. 
Adjust Point C opposite Point D and exposure time 
is found to be 3% min. without filter, which, 
increased 20°, comes to 4.2 min. 


Table of Exposure factors 


length Focus Film Distance 
1000 of Film 12in.| 24in| 28in.| 36 in.| 48in. 
800 
Gin. | 1.031 | 1.008 | 1.006 | 1.003 | 1.000 
600 “ — | 40/4 | 1.010 | 1.006 | 1.000 
8 10 — | 1022 | 1.016 | 1.009 | 1.000 
— | 1028 | 7.0/1 | 1000 
400 12 — |/.03! | 1.023 1.0/4 | 1.004 
S 14 — | — |7.037| 1.079 | 1.006 
2 1? — | — | 
200 
100 
80 
60 
| 
0 + 
g | 
% 
| © 
| 
2? 10 ‘= 
® 
> | | 
Chart | | 
2 | | | JE 
Chart 
[To Be Moveable | 
vertically ] 52 2 
S | | 56 
© 7.6 20 086 4 2 
8.0 a Mil/liamperes 
> \ 
Dar Exposure Time in Minutes 
(To be Used with Chart Jil) 
Thickness of Stee/ in Inches 
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2. The primary ele- 
ment of the controller 
must be suitable for the 
measurement and_ be 
properly installed. 

3. The power device 
commanded by the con- 
trol must be adequate. 

1. The measuring 
means must command 
the corrective means 
without having its own 


Tiny Strain Gages Sens ye 4, 
15 Psi. in Static Ti Yer 
Usable at Frequencies of 
Cycles per Second. 
Baldwin Southwark) 


the total deviation \ hich 
causes effective action at 
the point of contro 
When we analyz 
such installations we 
always find the causes of 


properties impaired. 

Ordinary self-operat- 
ing controllers cannot strictly meet the fourth 
requirement, but the effort exerted by their 
measuring-and-operating elements is mini- 
mized, for example, by the use of balanced 
valves, and their applications still outnumber 
all relay control systems together. The most 
important applications in process control, how- 
ever, require relays, some with elaborate ampli- 
fving systems, whereby the moving element of 
the measuring system is free from mechanical 
drag or electrical effects. 

An obvious solution of the drag problem is 
exemplified in those controllers (both self-oper- 
ating and relay) in which the measuring system 
has no moving parts at all. This leads to the 
following classification: 
Class I. Kinetic or DyNAmMiIc: All measuring 
systems in which variations in the controlled 
condition are represented by mechanical dis- 
placements. 

Saturable magnetic circuits. 
Circuits utilizing non- 


Class IL. Static: 
Electronic devices. 
linear resistances. 
Another solution eliminates moving parts 

from the power unit (as by using electronic 

devices). It is exemplified in various controllers 
for electrically heated apparatus. 

In no case can a controller react to a devia- 
tion smaller in value than the value of its 
sensitiveness. But this does not mean that a 
controller, effectively sensitive to a given 
amount of change in the controlled condition, 
will necessarily be capable of controlling this 
condition within the limits of departure equal 
to the value of such sensitiveness. In most 
cases the reason is that the entire installation, 
looked at as a unit, does not meet all of the 
four requirements stated above. Even when 
these requirements are satisfactorily met, the 
record of the controlled condition may show 
peaks and valleys several times greater than 


unsatisfactory control to 
involve time elements — lags and delays. Ther 
never is any exception. 

One obvious reason why perfect control js 
unattainable is that the primary element of an 
actual controller cannot measure a_variabl 
with ideal accuracy. The “point” is the ideal, 
the “zone” is the actuality. But another reason 
is that the “instant” is the ideal and the “inter- 
val” or “period” is the actuality. No controller 
instantaneously detects and measures a devia- 
tion from a setting “point”, or a departure from 
a definite zone of normality. 

In automatic control, time factors usually 
are foes; seldom are they friends. However, let 
it be said that the obviously desirable kind ot 
instrumental lag known as “measuring-clemen! 
damping” is not under discussion. 

The commonest form of the time character- 
istic of a measuring element is the logarithmic 
decrement curve or the asymptotic approach. 
It is closely approximated in many temperature 
measuring elements and in the continuously 
responsive types of gas analysis cells (the inter- 
mittent types introduce a plain delay). 

In many cases the curve exhibits what ma 
be termed the “delayed start effect”. This is an 
inevitable result of extra-heavy protecting tubes, 
or overly capacious sampling devices. 

Canny metallurgists are learning that there 
is a mathematically predictable relation between 
slowness and sensitivity. Space does not permit 
a demonstration, but the conclusion has een 
put in the form of a slogan: “Dead times meat 
dead zones”. 

Worse yet, an ideally sensitive control 
instrument is an undesirable one to use with 
an excessively protected thermocouple or with 
a slow gas-analysis cell because oversho: |ing 
will be inevitable. This effect has been de ied 
by some theorists when analyzing the per) '™- 
ance of their pet controllers. The reason | 10! 
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it at first glance. But it is true — demon- 
true in the plant as well as on paper. 
i ¢ ows from the truism that “the controller 


vs controlling what the variable was, not 


w! is 
Trends in Testing 


sme of the outstanding trends in the vari- 
ous elds of testing —testing of materials and 
finished products — have been so competently 
interpreted in this section of the last four or 
five October issues, as well as in other issues of 
Mera. Progress, that we must refrain from 
re-travelling well-beaten paths. One trend, as 
vet unheralded, begins to be noticeable, how- 
ever. It may be called the “instrumentizing of 
testing machines”. 
rhis trend has two phases. The first began 
to attract attention some ten years ago, when 
tensile testing machines were first equipped 
with “dragless” autographic systems inspired 
by the prime-relay devices and servo-motors of 
industrial recorders and controllers. The sec- 
ond phase — just appearing — is the complete 
re-design of old machines, as well as the design 
from seratch of machines for new tests, in 
accordance with the well-tried principles of 
industrial indicating and recording instruments 
rather than along traditional lines. 
Gone are polished brass pillars, exquisitely 
hand-drawn and hand-engraved dials; gone are 


Latest Model of “Rockwell” Motorized Hardness Tester. 


(Courtesy Wilson Mechanical Instrument Co.) 


the mahogany bases. Back of this visible trend 
we may discern a growing appreciation of the 
doctrine usually expressed as “isolate each vari- 
able and measure it in order to control it”. 
There evidently is a growing determination to 
make each testing machine isolate one property 
and measure it and it alone, by controlling 
every factor and condition bearing upon the 
variations of this single property. 

A third phase of today’s trends might be 
termed “automatization” — a word that requires 
some practice to pronounce — not in the sense 
of adding an automatic control instrument to 
the testing machine but in converting the 
machine for use on the quantity production line 
and making it suitable for operation by semi- 
skilled employees. This phase or trend, of 
course, is not recent. 

In the light of these three phases (chiefly 
the second) we may venture to mention a few 
examples which came to memory or which 
were merely stumbled upon in browsing through 
a pile of technical journals (a random pile, not 
a carefully indexed file). 

The articles by Gorpon in Mera 
ProGcress during the last few months constitute 
such a competent correlation of testing topics, 
including impact (or notched bar test) and the 
various types of hardnesses, that our plain duty 
is merely to remind the reader to consult these 
articles if he has so far neglected them. 

Autographic records are nothing new in 
tensile testing machines, but we may mention 
what appears to be their first introduction in 
the testing of the finest radio tube wires and 
other filamentary specimens. G. C. STAUFFER 
described in the June 1939 Metals and Alloys 
such an ultra-sensitive autographic tester. 
Extensometers made of fine wires cemented to 
the metal under test are widely used for study- 
ing the stresses in aircraft members during 
flight. Variations in length mean variations in 
cross section and electrical conductivity, and 
these can be measured and recorded by oscillo- 
graphs and similar devices. 

A new type of pulsating tension-fatigue 
machine for small-diameter wire was described 
by Joun N. Kenyon of Columbia University 
before the A.S.T.M.’s annual meeting in 1940, 
and well received by distinguished authorities. 
It employs three reciprocating forces in 120° 
phase relation, exerting a constant driving 
torque and thereby eliminating unbalanced 
inertia effects. (By the way, the last six or 
seven annual volumes of the A.S.T.M. Proceed- 
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ings provide a rich supplemental source of 
information on fatigue and creep testers.) 


R. R. Moore disclosed in Baldwin-Southwark 


(the well-printed house organ of the firm of 
that name) his latest rotating beam fatigue test- 
ing machine which operates at 10,000. r.p.m., 
and takes shorter specimens. The same organ- 
ization brought out in 1938 the “Rayflex” testing 
machine which vibrates specimens at their own 
natural frequency. 

Among special fatigue testers taking actual 
parts instead of standard specimens, we may 
mention the machine described by F. Bucktinc- 
HAM in Steel for April 3, 1939. This machine 
subjects “any part from a motor car or truck” 
to reciprocating motion; not only is the stroke 
controlled but the machine is of the constant 
stress type (as is an ordinary dead weight 
tester) rather than of the constant strain type 
which is the general characteristic of dynamic 
testers. 

The Templin “precision metal working 
machine”, as it is called, was unveiled at the 
Aluminum Co, of America’s research laboratory 
last vear — notable for its size, accuracy and 
adaptability, 


Measurement of Metallic Properties 
I 


Work Brittleness is the property measured 
by a new method (rather than a new instru- 
ment) described by Granam and Work of Jones 
& Laughlin Steel Corp. at the 19389 A.S.T.M. 
meeting. 

No review of recent testing progress would 
be complete which did not mention two features 
of the 1938 A.S.T.M. meeting: The 1938 Edgar 
Marburg Lecture by the lamented ALbBertr 
Savuveur on “The Torsion Test” and a thought 
provoking paper by Sam Tour on “Utility and 
Non-Standard Impact Testing”. 

Wear — Details of the Skoda-Sawin hard- 
disk wear tester were disclosed in a communica- 
tion to Le Génie Civil of Jan, 14, 1939, by Prof. 
N. Sawin himself, who reported also a number 
of practical results. His method would seem 
to give more consistent determinations (agree- 
ment of readings on specimens known to be 
identical) than are given by most previous 
machines for testing surface properties. 

Among other special wear testers are those 
for gears. These are beginning to be rather 
sharply divided into (a) those for testing all 
teeth of a gear wheel in rapid succession under 
simulated conditions of use; and (b) those 
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which determine scientifically isolated p. per. 
ties by simulating only one combination ©: op. 
ditions on only one specimen at atime. A hly 
perfected example is the Brown-Boveri | ing 
apparatus for gear material described A. 
in the longest article on this su jee 
ever published by Engineering (July 21, 1:39). 
Precise control is provided of the lubricstion. 
rolling, sliding, velocity, angle of contact and 
other pertinent factors. 

Machinability is being accepted as a prop- 
erty of matter which may be quantitatively 
defined — this is the gist of an article in Ameri- 
can Machinist for Sept. 6, 1939, by H. A. Reece, 
who describes the transformation of a drill 
press into a genuine measuring instrument 
capable of reproducibly reporting “machinabil- 
A lathe for similar service was 
S. Steel Corp. 


ity ratings”. 
exhibited in operation by the U. 
at the last @ Metal Show. 

A tester for bearing metal which simulates 
operating conditions in an internal combustion 
engine was described in Automobile-Technische 
Zeitschrift by Herwz O. Heyer, and a two-page 
abstract in English appeared in the Feb. 5, 1939 
Automotive Industries. 

Damping Capacity — One property which 
remains elusive, so that it is difficult even to 
design an instrument that will test it alone, is 
damping capacity (otherwise known as internal 
friction or mechanical hysteresis). There was 
published in England a thorough discussion, a 
report of lengthy investigations, and a descrip- 
tion of a new apparatus which is an obvious 
improvement over the Foéppl-Pertz machine in 
that the machine does not measure its own 
damping capacity. (See G. P. Conrracror and 
F. C. THompson, Journal of the Iron and Stee! 
Institute, Vol. 141, 1940.) The apparently log- 
ical solution was presented in a Japanese jour- 
nal, which we chanced upon several montlis 
ago but have not been able to locate since; 
namely, to make the specimen integral with its 
own base instead of clamping it. The specimen 
and its base look like a thin sword-blade stick- 
ing up from a massive chopping-block. 

Hardness—A discussion of all recent 
trends in hardness testers would fill a dozen 
pages. The instrumentizing trend is chic) 
apparent in its third phase, namely, automa! /2- 
tion. However, the recent improvements !! 
fundamental measurement principles and +) 
cial measurement devices — for the indenta’ 0». 
impact, scratch and other basic metho: 


deserve a passing mention. (Cont. on p. 
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PYROMETERS 


ME/ SURE AND CONTROL HUNDREDS OF IMPORTANT 
TEMPERATURES IN THE TREATMENT OF METALS 


D> 


c 


NEW BROWN CONTINUOUS BALANCE CIRCULAR BROWN RADIAMATIC PY- BROWN THERMOMETERS: 
CHART POTENTIOMETER: This instrument, a revo ROMETER: Designed to oper- Recorders, Indicators and Con- 
lutionary addition to the Brown Line of temperature ate under severe conditions trollers for temperatures up to 
measuring equipment, employs a “Continuous Bal- of temperature, vibration, etc. 1200° F. 


ance” Unit for its operating principle. 


tuples, protecting tubes, leads, etc. Their practical 
lid experience qualifies them to offer technical 
sistance. 


BROWN PERIODIC INSTRUMENT SERVICE is 
exible and adaptable to the needs of your plant. 
he Brown Sales and Service Organization is 
tion-Wide. Offices are strategically located to 
nder emergency repairs, regular inspection serv- 
eor counsel. Discover how little it costs to have 
bur instrument investment protected by factory- 
ined field engineers who already supply this 
tvice to more than 2,000 plants. It costs you little 
hd saves you much. THE BROWN INSTRUMENT 


VOMPANY, 4503 Wayne Avenue, Philadelphia, nad 


6024 6 8 UW 12 4 6 8 2 


Pnnsylvania. Division of Minneapolis-Honey- perature rise and control of heat over a set period 

ell Regulator Company, Minneapolis, Minnesota oo 

nd 119 Peter Street, Toronto, Canada. Branches 

all Principal Cities. 

Note: Many orders today for Brown Instruments carry a Prefer- 

ence Rating. To save time PRIORITY EXTENSION CERTI- At the National Metal Congress 
FICATES should be forwarded with such orders—made out and Exposition, Booth 63, Philadelphia. 
o THE BROWN INSTRUMENT COMPANY. This will aid the following Brown Instruments will be 


materially in filling orders for Indicating, Recording and 


Controlling Instruments. on display: New Continuous Balance 


Circular Chart Potentiometer . . . Radia- 
matic Pyrometer . . . Program Control 
Potentiometer Pyrometer . . . Proportion- 
ing Control Potentiometer Pyrometer 
. . » Multiple-Recording Potentiometer 


Pyrometer . . . Protectoglo System .. . 
} Thermometers and Pressure Gauges. 
7 Write for catalogs. 


COMTROL SYSTEMS 
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out in book form by the @). 

Some of the newer basic 
methods have been embodied in 
instruments rather than in 
This is particularly 
micro-hardness 


Instruments 


machines. 
true of 
methods. 
the Knoop Diamond Indenter 


(Continued from page 638) new 

Before particularizing, men- 
tion should be made of the excel- 
lent serial on “Hardness and 
which 


First disclosure of 


appeared simultaneously in 
“Critical METAL 
ProGress and in the paper by 
KNoop, Perers and EMERSON in 
the Journal of Research of the 


Hardness Measurements Points” of 


ran in Instruments during the 
last four years by Prof. S. R. 
WitiiaMms (shortly to be brought 


WESTERN HEMISPHERE 


RADIUM 


DIRECT FROM MINE TO 


YOU 


RADIUM CITY 
(MINE) 
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Radium detects defects in castings. 
Radium is best for weld inspection. 
Radium is easily portable. 

Radium is inexpensive . . . New low rates. 
Radium is available for sale or rental. 


Canada: Largest Producer of Radium in the world! 


CANADIAN RADIUM & URANIUM CORPORATION 


630 FIFTH AVENUE NEW YORK, N. Y. 


Rockefeller Center 
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e ing from a height of 8 ft. 


National Bureau of Sts 


for July 19389. As many lers 
know, individual grains of 
may be tested for their har jess 
What we found most inter «ting 
as throwing new light ©) the 


meanings of hardness me. 
ments by indentation me hods 
was the photograph of the inden. 
tations in (not “on”) th pol- 
ished surface of a diamond' 
Another new hardness instry- 
ment 
a machine was described jp 
Zeitschrift fur Metallkunde jy 
February 1940 by Hannewany 
and BERNHART. 
tion microscope and diamond- 
wherein the 


which no one would ea}! 


It is a combina- 
indenter tester 
diamond is carried at the center 
of the object lens. This instru- 


ment also tests a single grain. 


Hardness testing of speci- 
mens heated to 2000° F. is the 


purpose of the pendulum design 


of an impact tester combined 


with 2 roll-away furnace 
described in Stahl und Eisen by 
H. and W. Trosses 
J. H. Hruska in The Iron Ag 
Feb. 1, 1940, made an eloquent! 
plea for the combination dia- 
mond pyramid indenter and 
Rockwell method. 

Impact As in machines for 
testing damping capacity, so ts 
there an element of inaccuracy 
in any of the conventions 
notched bar impact testers dur 
to the impossibility of using a 


anvil of infinite weight and 


infinite rigidity. There was 
brought out in’ England th: 
Hounsfield Balanced [mpac! 


Tester in which this source ¢ 
error is claimed to be not merely 
minimized but eliminated by th 
expedient of employing 
equal masses moving at the sam 
speed in opposite directions 
Among other advantages listed 10 
the description, which appeared 
in The Automobile Enginecr to! 
1938 are greatl) 


(and cost) and 


January 
reduced weight 
increased relative velocity. Th 
blow is struck at 22.7 ft. pr 

the equivalent of a weigh! ‘all 
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ful article on welding and cutting in the ship yards was 


{ wo 
plann and prepared for this issue of Metal Progress, but 
hecam ogged down in the routine of necessary official releases. 


The fo owing notes, written four months ago, have run the gantlet! 


— 


Welding on the West Coast 


(Ships for Air and Water) 


To THE BUSY PLANT of Western Pipe and 

* Steel Co., during an all-too-short visit in 
San Francisco, and tried to absorb a thousand 
details of how to build an all-welded ship — I 
mean “all-welded”, not a hybrid, and a 450-ft. 
cargo ship, not a tug boat. Backed by ship- 
building experience gained during the first 
world war, a generation of intervening work on 
large welded pipe, tankage and steel structures, 
and the full approval of the U.S. Maritime Com- 
mission, construction of C-1B diesel-powered 
cargo ships started here early in 1940....To 
make one of them, nearly 150 sub-units (double 
bottom sections, decks, bulkheads) are assem- 
bled and completely welded in the shops, leav- 
ing the ship ways free except 


\ll-Welded for the assembly of these sec- 
Cargo Ships tions, the welding of side 


plates (strakes) to the frame 
embers and stern frame, and the construction 
of the engine foundations. A careful program 
of sequence and direction of welding avoids 
Warpage of each sub-unit, and is more than 
ever necessary for their assembly into a ship's 
hull. In general, welding is done from center 
toward end of seams, and welders always work 
iN pairs in symmetrical portions of the sub-unit. 
On the engine foundation, for example (which 
isa cellular structure 45 ft. long, 19 ft. wide and 
4 ft. high, weighing more than 60 tons) most of 
the ‘olersections are “stars” — that is, the gird- 


‘rs “od diaphragms intersect at right angles, 


“balanced welding” can be done by two 


men on diametrically opposite sides of the same 
intersection. When all the work was completed 
on this massive unit, the foundation pads for 
engine and reduction gear were lined up and 
ground to 0.001 in. (which specification really 
means “within the accuracy of the measuring 
devices available”)....Welding on the assem- 
bled hull starts at center bottom and works up, 
sideways and longitudinally, so there is even- 
tually a pyramid of completed structure, widen- 
ing out toward bow and stern. Six transverse 
“expansion joints” are provided in tank-ltop and 
each of the three decks. These were really butt 
joints with back-up plates which are closed 
only when they are shaded and cooled by the 
structure above them, and after the portion 
amidship has been completely faired up and 
welded....So0 much welding, piece by piece, is 
done at the stern that pessimists looked for a 
rise of several inches. It actually amounted to 
1°. in.; accurate location of a main reference 
point on the hull at frequent intervals, day and 
night for a couple of weeks, showed it to wander 
around like a fly in a 1's-in. ball; the ship ts 
constantly on the move from wind, sun, shadow, 
fog and rain as much as from welding stress... . 
Heaviest welding was on the cast steel stern 
frame. It is delivered in four pieces; joints in 


Some Critic al Points 
By Ernest E. Thum 


k:ditor, Metal Pre gress 
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these 2030-in. members are made (after pre- 
heating the butts to 300° F.) by two welders 
working opposite; squads 
work continuously for about 
20 hr. Each pass is cleaned, 
slightly peened to counteract 


Continuous 
Welding on 
Stern Frame 
for 20 Hours 


shrinkage stress, and the 


next pass immediately 
started. Each joint requires about 100 Ib. of 
welding rod....An undue amount of flame cut- 


ting is needed to reduce ship and _ structural 
shapes to tees and angles suitable for welding. 
Apparently no steel company has vet been fore- 
sighted enough to roll special shapes; now it is 
probably too late. For this reason the maximum 
saving in weight cannot be achieved; further- 
more, an inordinate amount of serap is pro- 
duced. However, many counterbalancing 
advantages accrue to the welding method, once 
the shipfitters are trained to get along without 
Not the least is the ability of a 
crew of about 200 welders to launch a hull 80 


erection bolts. 
days after the keel is laid. 


RevisttinG aircraft factories on the West 
Coast after three vears, was impressed by the 
progress toward mass production. Then every 
job seemed to be different from its neighbor 
and was built up piece by piece; now huge 
plants like Boeing's in Seattle — prototypes of 
factories mushrooming throughout the central 
West - 


els, and these are constructed section by section 


are tooled up for just one or two mod- 


complete, finally to be merely bolted together. 
Large shops to the rear make and finish the 
individual parts and even small sub-assemblies, 
giving a steady flow through reserve stores to 
larger jigs for the wing tips, engine section, 

tail and body units, these movy- 


Aircraft ing forward to final assembly 
in Mass and fitting. ... Douglas in Santa 
Production Monica, for instance, has a 


long overhead conveyor line for 
engine nascelles and the inboard section of the 
wing holding it. There are 50 or more stations 
where definite things are done; periodically 
everything moves ahead one station. In South- 
ern California, thanks to its salubrious climate 
(vou've probably heard of it), much of the 
finishing is done out of doors, working around 
the clock. Long lines of aircraft, parked tip to 
tip, along a runway, seemingly ready to fly, 
impress the most casual observer that USA’s 
reputed goal of 50,000 defending airplanes is 
within sighting distance. 
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Struck by the extensive use of 
jigs and templets. Even small parts jj }, 
jigged together, templets placed, holes {rijjeg 
at high speed, the unit disassemble: chips 
cleaned out, reassembled and riveted. Som, 
automatic riveting machines, either of gu ‘lotin, 
or alligator frame, can be seen, but the A, 
Smith Corp.’s plan of blowing rivets into th 
holes one by one, right end to, has apparenth 
not been adopted. Major units of the craft ap 
jigged similarly, usually startin, 
off in half —top half and bor. 
tom half of a wing in two differ- 


Jigs, Small 
and Large 
ent jigs, for instance — so tly 
workmen can get at both sides of a surface, and 
install all piping and wiring conveniently 
Some of these assemblies are exceedingly com- 
plex; architectural draftsmen are employed ( 
make perspective renderings of many of them 
not only to check for interferences, but to mak: 
a drawing that the beginner can “read”.. 
Amazed to see as many as 30 men, working 
elbow to elbow around these jigs. It is doubtfu! 
if a mathematically correct solution of the prob- 
lem of production is possible — that is, to sub- 
divide and man the various operations so that 
the man-hours lost during transfer of  sub- 
assemblies may be at a minimum. For instance. 
it takes one hour to dismantle a fuselage jig 
(big as a four-room cottage) so the completed 
part can be run out, and reassemble it ready fo. 
the next ship, and three quarters of the me 
normally working at that station can do litth 
except check over the supply of new parts or d 
emergency work in the neighborhood. 


Hap NO TROUBLE in finding a sharp divisio! 
of opinion on the question of riveting versus 
spot welding of thin aluminum sheet. The pro- 
ponents of riveting point out that welding 
machines, being heavy and stationary, must 
operate on parts small enough to be moved up 
to them. Likewise, they emphasize the cost o! 
the careful cleaning necessary before a good 

weld can be made, and the muc! 


Riveting = greater difficulty in welding th 
Versus favored alclad than the “bare 
Welding = sheet. They point out that a skilled 
Alelad team of workmen can drive per 


haps 1000 rivets an hour on acces 
sible seams. Only 1 or 2% of the rivets «re ! 
cramped positions, hard to drive, and sinc. the) 
represent half the cost of the entire ope 0): 
good design is constantly cutting dow th 
number of these trouble-makers. They co !d0! 
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we od, anyway....However, it 
s app vent that welding is being 
rapid! xtended. Alclad is welded 
Jmost \clusively at Lockheed Air- 


ep. at Burbank, for instance. 


Spot iding is largely limited to 
yon-sti uctural parts and to second- 
yy st-uetures such as window- 
frame fairings, and doublers on 
cowlil Practically no non-alclad 


parts, such as extrusions, are 
welded. Approvals are being 
requested on the gradual extension 
of welding to primary. structural 
parts such as sheet-stiffener com- 
hinations and reinforcements on 
ribs. No spotwelding of critical 
points of attachment, such as ribs 
io skin or wing to fuselage, is as vet 
considered good engineering. Many 
possible applications are precluded 
at present by the difficulty of taking 
large assemblies to stationary weld- 
ers. As vet, portable gun type 
equipment has not been completely 
developed for the high currents and 
pressures required in welding alu- 
minum alloys... An automatic 
cleaning and etching “line” has 


Sub-Assemblies and Parts Are Stored at the Side, to 
This Conveyor Line of Douglas W ing and Motor 
Sections. (This line is really three or four times this 
long; it turns the far corner and goes on and on.) 


heen established at Lockheed with 


a conveyor system moving parts to 

the tank and the rinsing sprays. <A dilute solu- 
tion of hydrofluoric acid has been used in the 
past, although a proprietary solution is now 
being tried....Fouling of electrode tips has 
been combated by many devices: Sheet has 
been more carefully cleaned; pressure has been 
increased; electric currents more precisely con- 
trolled; flat electrodes used on bottom anvil 
Wherever possible; correct electrode materials 
found; disk electrodes used for spot welding 
long seams (making as many as 7000 spots per 
ir. and continuously brushed clean as_ they 
rotate). At Consolidated Aircraft Corp. in San 
Diego, a rotating tool clamped between elec- 
'rodes is used for frequent cleaning; under 
proper conditions 1000 spots can be made before 
hore complete dressing is needed. 

Kieminpep that W. F. Hess is heading up 
some intensive research at Rensselaer Polytech- 
nie Institute into the performance of a conven- 
‘onal a.c. spot welder as well as the condenser 
dischs rge equipment of Taylor-Winfield and 
Sciak Some preliminary results on work 


done by the a.c. machine indicate that the first 
half-evele of current is of the most importance 
in welding alclad sheet. Under these almost 
instantaneous conditions, the friction and inertia 
of the clamping mechanism would appear to be 
of great importance. Likewise, dome-shaped 
electrodes with 2 to 4-in. radius are much more 
satisfactory than flat-bottomed cones (which 

rapidly become rounded, 
Instantaneous anyway)... .. Cracked 
Heat Makes an spots that bane of alu- 
Aluminum Weld minum welding — usu- 

ally occur at the center 
of the weld at right angles to the surface, and 
fortunately are open to inspection. Professor 
Hess is of the opinion that they are shrinkage 
cracks to be expected when any small spot is 
rapidly heated and cooled in the midst of a 
surrounding rigid and cold plate. On this basis 
cracked welds may be (and are) mitigated in 
practice by easing the thermal gradient (more 
current into a wider area), and by peening the 
cooling metal (holding the correct pressure on 


the correctly shaped electrodes for a consider- 
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Welding Symbols 


Adopted as Standard Ly American Welding Society, /937 


For e | 
For Fusion Weloing For Both Welding 
| © |Square| Vee |Beve/| U | | Va TIES! § | 


Standard Locaitfon of Information on Welding Symbols 


Root opening, or smaller--, <-finish symbol for weld (when used) 


ent for Arrow connecting refe, 
Omit tail when pugorsit A <—Includedangle ‘4, center line 
or detail re- £0 Grooved 
specification re- ference rN | member, or in section or end 
erence not used _ wes | | views to near side 
Specification Z | | <__/ace symbol reference /ine 
reference ~~ / | ~._ alongside joint (not in line with it} 
- \ “field weld symbol 
yymbols below reference \ 
line refer to neer \ eround symbo/ 
above line to farside \ Witch of non-continuous welds 
4 
Space for symbols showing type of weld, \_ length of weld or increments of non-con- 
offset symbols for staggered intermittent fillets tinuous welds (omit for resistance welds. 


Signifrcance of Typical Combinations 


A Indicates continuous) __ Significance: Weld all around 

\ "fillet weld on near (encircling member as faras possible). 
side,made undershops vY2-5 Near side: fillet, 2*long,5’on centers 
own specification A, Far side: plate has groove [shops 


stanosrd/, continuous weld 


Read symbols from bottom and 


right-hand side of drawing; 

spaces @4> e) piace numerical dats on vertical 
weld both sides "fillet welds 2“/ong, reference lines so reader is 
Welds on both sides are 4°on centers, opposite properly oriented yZ 
sides staggered Significance Square Significance : Closely 

eoges onplates clearing abutting plates with 
When one welded from near U groove 76"deep, 
40° 40° only is to be grooved’ side, Ya"penetration re- side chipped smooth 
arrows point to that guired 
member,thus: Shop's Std. 


—_ Symbols govern to break in continuity of struc- 
i= ture or to extent of hatching or dimension (ines 
Strength of resistance welds in hundreds 0 


B Indicates plates bevelled at 45° 
root opening ¥8*on assembly, 
90° bead deposited on root side ~— pounds noted instead of size: 


Indicates field weld both sides , by shop's 
specification A. 
Vertical plate : \20 
Weld far side: F6 
Continuous. 2000/b. 150076. 
Near side:2 Tong, spot welds, _projectionwelds seamwe 7709 
centers @ S*centers @ &"centers flush ne” sive 


For other combinations see “Welding Journal”, June 1957 
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able me). It is probably well known that 
nt features of the special spot welders 
r aluminum are the exact sychronization 
sure and electrical discharge, and the 
rent variation of pressure intensity. 


1m] 
bull 


ol | 


subs 
rep that it is one thing to make up a 
sing! spot welded joint by laboratory methods 


and <pert attention, but an entirely different 
thing to make 300 of them in the shop and 
satis!’ the inspector. At Lockheed the super- 
visor sets the pressure and current cycle for the 
new job, and adjusts the machine to weld satis- 
factorily the thicknesses involved. As a_ pre- 
liminary check on the machine setting, a long 
seam is welded in material similar to that of 
the part about to be fabricated. This seam is 

then ripped apart by a motion 


Inspected similar to that which would 
Spot-Welded — be employed in unfastening 
(ssemblies a row of glove fasteners. If 


the welds are sound, the cast 
weld slugs will pull completely out of one sheet, 
leaving it perforated. The slugs will remain 
integral with the other sheet in the form of 
“buttons”, which if uniformly large in size and 
regular in shape indicate that the welds are 
probably satisfactory in strength. When the 
machine appears to have been properly adjusted 
according to the above rough test, several single- 
spot shear test specimens are made up using the 
same machine settings, and the inspector “pulls” 
them on a hand operated testing machine 
located near the spot welding equipment. If 
none is below the specification minimum, the 
work of welding the part is then allowed to 
proceed. It has been verified many times that 
(except for abnormally close spot spacings) the 
single-spot test specimens are reasonably indica- 
live of the strength per spot to be found in a 
multiple-spot joint. For research purposes, 
however, shear test specimens are usually made 
up by cutting an entire seam into single-spot 
specimens; but this is seldom feasible in pro- 
duction work....Several types of fatigue tests 
have been devised at Lockheed’s structural labo- 
ratory for studying the endurance of spot 
welded joints under repeated or cyclically vary- 
ing stress. Structural members such as box 
beams and skin-stiffener assemblies have been 
mace up and subjected to repeated bending and 
vibration; also, single spot specimens have been 
subj-cted to torsional fatigue by twisting the 
ends of the strip in opposite directions. In gen- 
eral | appears that the fatigue endurance of a 


spot welded joint is comparable to that of a 
flush-riveted joint. ...Remembered having seen 
at the Boeing plant in Seattle aluminum wing 
surfaces lapped and welded in four rows of 
spots, to make a big sheet whose thickness 
varies according to the stresses it must carry. 
Such a joint is from 80 to 90°° efficient in ten- 
sion tests. Also saw there an automatic are 
welder building fuel tanks of fairly thick alu- 
minum sheet. 


INspecrinG the enormous Boeing plant in 
Seattle with Frank Bore, process engineer, 
was impressed by the reliance on d.c. are weld- 
ing for engine mounts, struts, and other fittings 
made of X-4130 tubing and plate. Almost every 
place else this is done with the oxy-acetylene 
flame, but are welding was established here 
almost 20 years ago, and does a very smooth 
job. Lime-dipped, low carbon steel electrodes 
are used (no alloy), and suflicient extra metal 
is put into the seam to care for its lower strength 
and minor porosities. For small, light gage 
work (as thin as 0.016 in.) the welding genera- 
tors must operate quickly and smoothly on 
currents as low as 5 amp. 
although for the usual thick- 
nesses of 0.058 in. and over, 
20 to 25 amp. are used. At the 


Are Welded 
Steel Tubing 


upper end of the scale is 1'.-in. (ves 1',-in.) 
chromium-molybdenum steel plate welded into 
the landing gear of a 75,000-lb. ship....The 
work-holding jigs are most ingenious and care- 
fully engineered; Bovre also emphasized that 
a correct welding routine must be worked out. 
Tolerances on a completed engine mount are 
plus or minus 45 in., yet there may be as much 
as 1, in. movement during welding in a single 
sub-assembly.... Welded assemblies of alloy 
steel tubing are not heat treated or even stress 
relieved by Boeing, Bovre explaining that no 
service failures had ever been attributable to 
internal stresses. Many precautions in design 
and fabrication are necessary to avoid harmful 
concentration of stress, but when these are 
taken and the finished part given a careful 
magnetic inspection, it will be quite satisfactory. 
Undue stresses show up unmistakably in warp- 
age easily discoverable by size inspection... . 
Observed some exceedingly interesting equip- 
ment for slitting, nibbling and sawing tube ends 
so they fit neatly into the peculiar intersections. 
Close and accurate fit is essential; each set-up 
is inspected and approved before any welding 
is done on it....At Vega Airplane Co. (Bur- 
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Struts on Landing Gear (as Well as Intricate Assembly 
for Engine Mounts) Are of Are Welded Steel Tubing 
and Forgings. (Photo courtesy The Lincoln Electric Co.) 


bank) are welding is also favored. If forgings 
are welded to tubing and the metal thicknesses 
are different, the forging would be mildly pre- 
heated, say to 300° F. Furthermore, many 
joints are stress relieved by local heating to 
900 or 600° F. immediately after welding is com- 
pleted, and cooled in the jig....At) Douglas 
(Santa Monica) a multitude of flash butt welds 
are made in push-pull rods between X-4130 
tubing and forged end fittings. I was told that 
this has five times the endurance to alternating 
loads of a fusion weld, and makes a 100% 
joint by all other tests. The hardened zone 
from the heat effect is almost imperceptible. 


Douglas engineers are talking of such jo tg j, 
landing gear and tail mounts. In Englay jt 
said that rather intricate weldments © {elp. 
scoped tubes and plate are substituting fo: forg 
ings, Which are scarce and usually heavicy, 
over here the trend is in the opposite dir: tigy 


Ar Dovéias Aircraft plant in Sants 
Monica found the huge B-19 attracting mor 
visitors’ attention than the two-engined bombers 
rolling off the line every six hours. Wondered 
about the ultimate size of these mammothis (yo. 
we have to invent a word meaning huge bird. 
mavbe the “roc” of the Arabian Nights will 
serve; it fed elephants to its fledglings). Uti- 
mate range? Around the world, non-stop to 
home base....After much seeking and _ tele. 
phoning found Sruarr Ontver, formerly metal- 
lurgist of Deleo Products of Dayton, in thy 
tooling department — a most impressive plan! 
within a plant where all the jigs, fixtures and 
special devices are engineered, constructed, and 
made to work interchangeably in main and al! 
branch factories. Arruur Kiem, who divides 
his time between Douglas’s engineering depart- 
ment and the Guggenheim aeronautical labora- 
tory at Caltech, was my stimulating guid 
While present designs are “frozen” to the exten! 
that nothing can interfere with production of 
completed ships, he cited the clear trend ol 
Douglas design to avoid strength members buil! 
up of sheet by substitution of large extrusions. 

the simplification of wing strue- 
Machining tures by using larger main mem- 
at Speeds bers and fewer secondary) 
Cyclonic members, and the elimination o! 
small parts such as attached 
stiffeners by pressing flanges and corrugations 
into the diaphragm itself....Amazed the 
speed at which these 24S aluminum extrusions 
are milled down to the correct taper. No cool- 
ant is possible on milling cutters running al 
top speed and reducing 100 cu.in. of metal to 
fine chips per minute. Innumerable shapes ar 
also cut out of stacked sheets by routers 
mounted on pantagraph arms. The cutters run 
at 15,000 to 18,000 r.p.m., so fast that a water 
cooled motor is required. Limiting speed ‘s no! 
the machinability of the metal or the cutting 
power of the toolsteel edge but the failure o! 
the motor bearings. The optimum speed «| th 
cutting edge is unknown, but several tho: sane 
feet per minute has been reached on lar ¢ {) 


cutters, and if the blades foul it seems t 
defect of the tool shape rather than a char teh 
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the aluminum alloy being cut... 


‘hin. that a more extensive use of heat treated 
op w ded steel in aircraft structures would be 
st backward. However, he is equally sure 
that oe strong aluminum alloys 17S and 245, 
so w ely used, are by no means perfect. The 


wrot ut alloys 51S, 53S and 61S are much 
more workable and, having no copper (or very 
litt are so much more corrosion resistant 
that olelad and the extra prompt and severe 
quenching required for alloys 17 and 24 are 
unnecessary. Unfortunately their strength is 


not high, and full aging requires 18 hr. at 
woo. hence large heat treating space. 


\VAS REMINDED that the plea for steel wing 
spars for big aircraft, as a method of conserving 
scarce aluminum (Metra Progress, August 
issue) could have been reinforced by reference 
lo the Boeing four-engined bomber (“The Fly- 
ing Fortress”) which already uses X-4130 tubes, 
heat treated to 190,000 psi. for main wing spar 
center sections, gusset plates, and inboard ter- 
minals. Shear connections on the inboard wing 


and the outboard wing joints are from X-4130, 


and all connection bolts of alloy 


Steel in steel. Engine mounts, landing gear 
Aircraft and retracting mechanisms, tail- 


Structure wheel assembly and tail attach- 

ments are also of X-4130 or X-1340. 
(The industry is indeed to be congratulated on 
concentrating its medium alloy steel require- 
ments mainly on but two or three alloy steels, 
chromium-molybdenum and chromium-nickel- 
molybdenum.)....As to the use of stainless 
steel, it is standard for firewalls at the rear 
of engine mounts, and for exhaust manifolds. 
(Inconel is sometimes used for the latter.) On 
the big Boeing bomber the inner cowling and 
shrouds over the exhaust stacks are all stainless. 
No less than 24 details of aircraft and armament 
fittings, made of 18-8, were on exhibit at the 
Western Metal Congress. 


Nor wirn THE wea of belittling the excel- 
lent aluminum alloys so widely used for air- 
craft, but in the hope that the supply may be 
eked out, one thinks of the silver-magnesium 
alloy now being built into experimental wings 
for static and flight tests. Arrutrk Winston, 


One End of the Steel Treating Department at Boeing's Seattle No. 2 Plant. Special 
attention has been paid to ventilation, so as to prevent ammonia and salt-pot fumes 


from entering surrounding departments. 


(Photo courtesy The Austin Company). 
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metallurgist for Dow Chemical Co., in his lec- 


tures on magnesium at the Western Metal Show, 


said that the addition of 6‘: silver to Dowmetal 
“X" (38% Al, 38% Zn, 0.2% Mn) produced the 
strongest magnesium alloy vet found. In extru- 


sions it is heat treatable to a 
Interesting tensile strength of 55,000. psi. 
Magnesium. vield strength of 15.000 psi., 


Silver Allov and elongation of 7°7, which is 


within reach of the commonly 
used 24S-T aluminum alloy extrusion (60,000, 


11,000, 12°. respectively), weighing 50° more. 


This silver alloy is not vet adaptable to mag- 


nesium sheet; the best material which is work- 


able is considerably 
weaker than alclad 21S-T 


sheet, so no weight can 


be saved in the skin, but 


the added thickness of 


equivalent magnesium 


sheet is of measurable 


value because of its 


greater stiffness under 


compressive shear 


loads....Six per cent of 


silver in an extrusion 


alloy for structural pur- 


poses, might look like 


getting beyond the 


bounds even of a war- 


time “economy”. It would 


take a little less than a 


troy ounce of silver for 


a pound of alloy and 

would about double the cost of the magnesium 
alloy in ingot form. (There is plenty of silver 
available; new metal is produced in the Amer- 


icas at the rate of 200 million ounces vearly, 


and two thirds of it has no use.) If a 6‘: silver 


alloy saves weight, it will doubtless be worth 
the cost. While the value of weight saving in 
military aircraft is unknown, it is probably no 


less than its value in commercial ships. Arruur 
Kiem of Douglas Aircraft Co. has figured this 
out for transports on the basis of 5 yr. life, 8 hr. 


daily flying, and the income per pound of dead 


load comes out to be about $35 per ounce — so 


weight saving is literally worth its weight in 


gold... . This gives a new slant on the insistence 


on small drafts on aircraft forgings and close 


tolerances on aluminum alloy sheet. For 


instance, a wing covering may be 0.025 in. 


0.002. This is a pretty close tolerance for the 


mills when rolling wide sheets, but the plus 


variation may run to 8‘ of the expected weight. 


IN THE DOUGLAS PLANT, Was shown a | {{epy 
of five heat treating furnaces for shec 


pressings. They were made by the lin 
department. Each one is long and narro | jy 
high enough to take a crate in which oy jy 


carried full-sized she is of 
Heat Treating aluminum alloy, edge. wy 


Furnace and These crates or racks ap 
Quenches for carried on overhead 
Aluminum alt the end of the he iting 


evcle the door opens, th 
trolley rolls out, strikes a trip and the rack 
drops into a tank of cold water. Total time. 
7 sec. — for speed is essential in quenching bar 
17S and 24S, else the cor- 
rodible copper constituent 
will collect grain bound- 
aries rather than be held in 
solid solution. One of the five 
furnaces can handle all th 
bare alloys; alclad can ly 
cooled much slower and 
develop correct physicals, so 
the hot metal from the othe: 
four furnaces is not quenched 
but cooled in water mist. The 
racks of hot metal are run oul 
under a hood about the san 
size and shape as the furnace; 
at the top is a series of nozzles 
from paint spray guns, pro- 
ducing a fog which gives a 
rather more rapid and uni- 
form cool than if the alclad 
were cooled in quiescent air. The pure alumi- 
num coating on this form of material insures 
corrosion resistance, and the slower cooling 
avoids much warping. Since both 17S and 
21S age fairly rapidly at room temperature. 
no tempering furnaces are necessary... . Dwict! 
Hau, supervisor of heat treating, explained th 
temperature control. The work is heated by 
circulating air rather than in the usual salt bath 
The side walls are covered with banks of resis- 
tors, placed behind baffle plates; the air ts 
sucked down through slots in the floor, sent up 
behind the baffles to bathe the hot resis/ors. 
and then out exhaust pipes in the roof to pass 
through and heat the charge. Since the flow o! 
hot gas is thus generally parallel with the ‘1! 


material being heated, the latter acquire. ts 
temperature uniformly and quickly by co: 


tion. The resistors for each furnace a> 1! 
12 banks, each separately controlled thr s! 
on-and-off contactors, Thirty-six contactor 1!" 
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recommended Eleetrode Materials 
( +t adopted by Resistance Welder Mfr's Asso. for Spot Welding Similar and Dissimilar Vetals When 
; e, Current and Pressure Are Properly Controlled and Conventional Methods and Welders Are Used. 
To Weld Similar Metals 
Ferrous Non-Ferrous 
Silican 
Gold Nicke/ | Yellow Browe, 
Pisted | Plated Alu- "ilove, pro-) Silver Nicke/ Monel, press, Phosphor (Everar, 
Stee! | Stee! | Zinc | Stee! | Stee! | 18-8 Clean Nicke/ | Nicke! ope Broue pyres, 
| lala lz Bl 
To Weld Dissimilar Metals 
Gohan Terne- | Tin- Phos 
Steel, Nicke/ ~ | Si Yellow | Nicke/ 
Ferrous Alloys Peted | Pretec | ized | | Plated Non-Ferrous Alloys | Nickel Bronze| Bress | Siver 
| if if T 
ars ear) Duronze, Herculoy) i] 
eme-Plated Steel } +— Nickel Silver 
\1 Block interpretation: A\I\A\H 
Galvanized Iron, Nickel Alloys —t t 
ing Weildability 
Bi iT Alectroce B\ \ 
Plated! Steed | Against Information | | 
Special Information ©} 
1. Special conditions required. Bi] 
2. Good practice recommends cleaning before welding 
rome Plated Steel 3. If plating is heavy, weld strength is questionable. Oys, 
Note: Electrode materials in circles are second choice. Example: @) 
Nemes of Commercial Electrodes (Not part of RWM A. Standard) 
Manufacturer 
OSs Specie! Adaptabilities 
Electroloy Mallory SMS Welding Sales 
Group A; Cooper Base Alloys 
/ Grede A Elkaloy A Alloy 101 Tuffaloy 88 Coated, plated and scaled metals; alurunum 
il { Alloy 103 luffaloy 77 Qlean Steel; yellow brass 
Ii] Mallory 100 Projection, flash and butt welders; 
1B Alloy WS Tuflaloy 55 stainless steel! 
Group B; Copper- Tungsten Alloys 
x Electroloy 1-W-3 Elkonite 1-W-3 Alloy 1 luffaloy 1-wW-3 Stainless stee/; yellow brass 
Electroloy 10-W-3 Elkonite 10-W-3 Alloy 10 lufFaloy 10-W-3 Inserts and facings ; ight projection welding 
All £lectroloy 20-W-3 Elkonite 20-W-3 Alloy 20 Tuffaloy 20-W-3 Heavy projection welding; upsetting 
Flectroloy 100-W Elkonite 100-W Alloy 100-W Tuffaloy 100-W Red bress; copper 
— 
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Welded Connections for Tier Buildin. 


Stiffened seat 


Beam to Caolurmn Connections Beam to Girder Connection 


By permission, fram American Institute of Stee/ Constuctions Tentative Standards, December, / 
Field we > iF plate 
Prate 18 loose 
3 Diat es 
Ll | 
f To avoid t 
Base welded to column at shop Typical Crane Column Bases 
Typical Column Bases 
Section D-D 
frection bolts 
fillets iy i 
> 
Mill 2" 7 
= Slotted holes in angles 
provioe erection 
clearance for beams, this Section B-B on 
f connection 1s often reversed Slotted plate or 
Co. ry of same aepth only Angle an piste Col 
Typical Colum” "Preferred splice (No holes in man ag 
Splices material) 
Typical Crane Column Splice 
y~Flange or web 
x +—_+- 
+ + Erection bolts 
For Fillng-in beains where field bolting is 
Beam weloed -holes in girder filling-in earns 
= Jypical Beam Details Splice pate 
stiffened where 
ii Required 
Unstiffened seat i 
4 
\ | >—> i 
_ Flange or web 45) 
a 
-Preferably shiaped loose =—_ 
Brackets for Eccentric Load: 
TT 
Clip Ls Conti bey — 
ontinuous Beam- * al 
== over Girder CULT section 
Welos made with heavily coated electrodes anly, and at 
eerection bolts temperatures above 25 ¥ Fillet sizes V4 ip; 
fillets perrmssible on less than ve-in. plate. Welder 
Seat L structures must conform in design, fabrication ano 
| la 22s, structural erection to American Welding Societys Code far Fusion 
Ww. tee Weloing and Gas Cutting in Building Construction 
Rigid-end beans permissible only when specially 
\ — for. Flexible beam connections shall permit rotat 
| of top flange-ends an amount in inches equal 


flexural unit stress in psi. at mid-span times 
in feet divided by the constant 3,625,000. 
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ed, 12 thermocouples, and one 12-point 


ler recorder; the contactors are placed 


ree 


col 


piral around a drum so that each zone is 
‘ssively under control and conditions 


i 
che ced (or changed) once a minute. 
\emINDED that three years ago HENry 
Gur orn’s method was new of using a pile of live 
ruboer mats for the upper die in hydraulic 
presses. Lower dies for forming aluminum 
shect ordinarily are of zine alloy (see “Critical 
Points” for July 1940), but may now also be 
molded of an organic plastic mixed with wood 
fiber. Flat steel templets with sharp corners 
can be nested on the bed of a big press, a large 
aluminum sheet laid over them and a series of 
flat blanks cut with a single pressing. Likewise, 
aluminum sheet can be formed and trimmed at 
a single stroke if the blank is 
Progress oversize so the outer edges can 
in Die Use be seized between a depressed 
and Design shoulder of the die and the rub- 
ber, and the taut rim forced 
down past square edges of steel outlining the 
true form of the pressing. ... Was shown some 
deep and complicated draws which require 
double cut-offs — that is to say, the piece is 
drawn to about the place where edge cracking 
will start, this dangerous metal is sheared away 
by pressure as above, and without interruption 
the upper bed of the press squeezes on down 
until the form is complete and the second inner 
cutting edge comes into play for the final trim. 
lhree-dimensional trim, easy under rubber with 
such dies, is very difficult with metal punches; 
in fact, wrinkled edges around deep draws 
made under drop hammers and _ triple-action 
presses are more easily cut away in routing 


machines than in dies. 


Acgutirep KenNerH JACKMAN’s enthusiasm 
for the “Celstrain” extension gages he makes in 
Consolidated’s test department for 20¢, weigh- 
ing O.OL oz. and capable of measuring changes 
of 50 psi. in an aluminum member. It is merely 
lin. of “Advance” wire cemented to the article 
being tested. It is forced to extend or contract 
with the elastic movements of the metal being 
lested, and the corresponding changes in cross- 
section of the wire are reflected by changes in 
its electrical resistance. This, in turn, can be 
read at some remote point in 10 sec. on a 
heatstone bridge, or recorded instantaneously 
by an oscillograph....So when you see some 
ten carrying what looks like a ‘steen-tube radio 


set and movie camera into a ship for its trials, 
it means that there are hundreds of these little 
tell-tales fixed to important parts of the struc- 
ture, and the stresses actually set up in flight 
will be checked against the calculations. First 
models may therefore be completely checked up. 

By virtue of uniform materials, 


Stresses precise manufacturing methods, 
Read by and adequate inspection, step-by- 
Remote step, it becomes less wonderful 
Control that so complicated a mechanism 


can be produced, time after time, 
without serious defects appearing in some of 
them on acceptance flights....Various indeed 
are the test equipments devised for specific 
duties. Every structural laboratory in the air- 
craft industry has its “torture post” —- a mas- 
sive square tower of concrete anchored into a 
husky floor slab, all provided with numerous 
anchorages for hold-down bolts and loading 
jacks. This scheme has been extended to the 
extreme in tests on the new 70-ton Martin 
bomber for the Navy. The entire ship is sur- 
rounded by a stiff frame of structural steel, 
against which jacks can place any combination 
of loads. Maximum deflection at tip of 100-ft. 
wing approaches 6 ft.; changes in outer shape 
are measured by surveying instruments; strains 

(Continued on page 669) 
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MORE THAN A 


HANDSHAKE! 


sers of stainless electrodes will find a hearty welcome at the 


Arcos exhibit— Booth No. 12 at the Metal Show in Philadelphia. 


Stop in and talk with men competent to discuss both the technical 


and practical problems of welding with stainless electrodes. These 
men of Areos will be in attendance: 


R. D. THOMAS, President 
HAROLD EWERTZ., Sales Manager 
BILL OSTROM. Sales 

DAVE THOMAS, Metallurgical Engineer 


ATLANTA, GA. 
BUFFALO, N.Y. 
BORGER, TEXAS . . 
BOSTON, MASS. (Belmont) 
CHICAGO, ILL. 
CINCINNATI, OHIO 
CLEVELAND, OHIO 
COLUMBUS, OHIO 
DETROIT, MICHIGAN 
ERIE, PENNA. 

FT. WAYNE, IND. . 
HONOLULU, HAWAI! 
HOUSTON, TEXAS 
KANSAS CITY, MO. . 


BERT ROSS, Sales 
ED SHOOK, Sales 
TOM NELSON. Sales 


CORPORATION 
401 WN. Broad St., Phila, Pa. 


“QUALITY WELD METAL EASILY DEPOSITED” 


Distributors Warehouse Stocks in the Following Cities: 


J. M. Tull Metal & Supply Co. 
Root, Neal & Co. 
Hart Industrial Supply Co. 


A H. Boker & Co., Inc.; W. E. Fluke 


Machinery & Welder Corp. 
Williams & Co., Inc. 

Williams & Co., Inc. 

Williams & Co., Inc. 

C. E. Phillips & Co., Ine. 

Boyd Welding Co. 

Wa ayne " elding Supply Co., Inc. 
Hawaiian Gas Products, Ltd. 
Champion Rivet Co. of Texas 

W elders Supply & Repair Co. 


Vetal Progress: 


KINGSPORT, TENN. 
LOS ANGELES, CALIF. 
MILWAUKEE, WIS. 
MOLINE, .. 
NEW YORK, N.Y. . 


OKLAHOMA CITY, OKLA. 


PAMPA, TEXAS 
PITTSBURGH, PA. . 
PORTLAND, OREGON 
ROCHESTER,N.Y. . . 
SAN FRANCISCO, CALIF. 
SEATTLE, WASH. . 

ST. LOUIS, MO. 
SYRACUSE, N.Y. . 
TOLEDO, OHIO 
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- « « Slip-Not Belting Corp. 


Bucommun Metals & Supply Co. 


Machinery & Welder Corp. 
Machinery & U elder Corp. 
. H. Boker & Co., Inc. 
Hart Industrial Supply Co. 
Hart Industrial Supply Co. 
- Williams & Co., Inc. 
. Industrial Specialties Co. 
Welding Supply Co. 


Busommun Metals & Supply Co. 


. . « H. A, Cheever Co. 
Mies thinery & Weider Corp. 
Welding Supply Co. 
. Williams & Co., Inc. 
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ntinued from page 665) 
» in vidual members by hun- 
dreds of extensometers. About 
“100, (0 was spent on test rigs, 
ventrs control stations, and test- 
ing of this craft before its power 
plant or any of its interior fittings 


were installed. 


\lechanized X-Ray 
Laboratory 


OsserVED X-ray inspection 
seared to mass production in 
lriplett and Barton’s laboratory 
at Burbank. Every casting going 
into Lockheed planes is photo- 
graphed from one to several 
directions depending on its 
shape, and is approved for sound- 
ness before any machine work is 
done. When too much porosity 
or other defects are regularly 
encountered in too large a pro- 
portion of the parts, either the 
foundry practice should be per- 
lected, or the shape is unsuitable 
for casting and should be forged 
or machined from an extrusion. 
.. Equipment was demonstrated 
by Stor, and is mecha- 
nized to a high degree. The 
inspection machines for alumi- 
num are entirely automatic. They 
have the appearance of small 
hydraulic presses. Castings are 
arranged on a tray above a film 
and the loaded platform rolled 
into position whereupon the 
\-ray tube and its surrounding 
lead shield lowers, the exposure 
is turned on and held for the 
correct time, the current inter- 
rupts, the shield rises, the tray of 
e\posed material rolls back to 
side, another loaded tray 
tolls in from the other side, and 
the evele is ready to restart. All 
the operator needs to do is to 
handle the film, arrange the 
specrmens and press the button. 

‘ilm development is equally 
bus ness-like. The two films of 
' Sngle group of castings are 
clipoed to a stainless steel frame 


and loaded on a conveyor like 
one which serves an automatic 
electroplating line, then up and 
out into the developer, fixers and 
washes. Solutions are constantly 
renewed at the correct rate, auto- 
matically adjusted to the number 


100 exposures, developed and 
measured by a densitometer —— in 
this way the correct performance 
of all correlated units is verified. 
Every lot of film is also checked 
before use to determine whether 
it requires modification of the 


a long drying tunnel, in which 
blows a vertical current of heated 
...One check film for density 
and contrast is made for every for permanent record. 


of films going through. Exit standard routine. . . . Films are 
from the dark room is through viewed under diffused light, 


reported on standard forms, and 
all data transferred to punched 
cards for statistical analysis and 


WE RENEW OUR PLEDGE 


Two years ago, at the beginning of the present war with 
its uncertainties and threats to the future of all industry, 
this Company publicly pledged itself not to increase its 
selling prices. 

On this, the second anniversary, we again publicly renew 
that pledge. 

During the last two years we have not only kept the pledge 
previously made, but we have actually reduced our selling prices 
by more than 6% because of more efficient operation made 
possible by the marvelous cooperation and ability of our 
organization. This was accomplished in the face of rising 
labor and material costs, both of which have been increased 


by considerable amounts. 


It is our belief that the only hope for the continuance of 
the present industrial system now threatened from within 
and without is in its ability to give more and more to the 
consumer for less and less of his dollar. This is the strength 
of American individual initiative. This is the hope of our 
country’s future. If American industry can accomplish this 
universally, we need not fear dictators either at home or abroad 

THE LINCOLN ELECTRIC COMPANY 


~ 


Cleveland, Ohio CZ 
October 2, 1941 Ai F7 LLL 
i/ President 
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*®PATCHES ON SUNDAY PANTS INDICATE HEAVY CONCENTRATION ON PRODUCTION IMPROVEMENT 


WHITEY SEZ: "GOD GAVE MAN TWO ENDS: ONE TO THINK WITH 


AND ONE TO SIT ON. A MAN'S SUCCESS DEPENDS ON WHICH END HE 
USES MOST; A CASE OF HEADS YOU WIN AND TAILS YOU LOSE... 
MAURATH STAINLESS ELECTRODES LIKEWISE HAVE TWO ENDS—B8OTH 
VERY BUSINESS-LIKE; BOTH CONTRIBUTING TO THE WELDER'S SUCCESS.” 


STAINLESS 
Type Numbers Available 


302-8 316 330 
308 ©316-Cb. 347 


309 
309-Cb. 321 HAVE A SEAT IN BOOTH D-31 A’ “HE 


METAL SHOW— PATCHES FURNI: 


MAURATH, Inc. CLEVELAND 


Builder of better welding electrodes in all analy °5 
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{m the group meetings or clinical discussions on conservation of strategic 


nd substitutes therefor, arranged by the National Metal Congress and 


meta 
Fkyp ‘ion, is one on “Stainless and Heat Resisting Steel”. Members of 
the rmation panel for this meeting have contributed the following outlines 
— 


The Stainless Steels 


Their Conservation and Substitutes Therefor 


THE STAINLESS STEELS or, more broadly, 
be the heat and corrosion resistant materials, 
are in great measure alloys of nickel, chromium 
and iron. Nickel may range from 8 or 10‘ up 
to 100° ; chromium from 12° up to 35°. Con- 
sequently the supply of these two metals is most 
important, especially since little or none is pro- 
duced in the United States. 


Nickel Supply 


The situation in nickel has been discussed 

in Mera ProGress at intervals since February 

rather extensively in the March issue — so it 

is hardly necessary here to do much more than 
give a brief outline. 

In 1937 (a pre-war year of high nickel 
imports) we used about 83,000,000 Ib. of nickel. 
In 1940 our imports were 141,000,000 Ib. of pig, 
ingot and shot metal and another 35,000,000 Ib. 
of nickel in matte destined for monel metal 
(nickel-copper alloy). Great increases cannot 
be expected soon, due to the well-balanced min- 
ing. smelting and refining operations in Canada, 
bul OPM in August estimated current imports 
al 15,000,000 Ib. per month (180,000,000 Ib. per 
year). Only 1,000,000 Ib. per month is now 
ave lable for civilian “needs”, which total per- 
laps ten times as much. 

Vhere does this nickel go? Preportionate 
demands fluctuate with artificial conditions, as 


sh 


M 


| by the following estimate prepared in 
1 by the Advisory Committee to OPM on 


Metals and Minerals. This represents the dis- 
tribution of nickel deliveries among primary 
nickel consuming industries in the United States 


and Canada: 1937. 


Steel mills 47 63% 
Steel foundries 5 3 
Iron foundries i) 6 
Brass mills S 6 
Non-ferrous foundries I 2 
Aluminum alloy manufacturers 1 


Ileat resisting and electrical 


resistance alloys 7 ) 
Rolled nickel and high nickel 
alloys 7 
Electroplaters’ supplies i3 Ss 
Miscellaneous 2 
Total 100 100 


*Based on December 1940 and January 
1941 deliveries. 

In view of the large current importations, 
the actual deliveries to the iron and steel mills 
and foundries are at three times their “normal” 
rate. Likewise some 1,500,000 Ib. of nickel 
monthly is going into resistance wire and ele- 
ments and rolled nickel and high nickel alloys, 
which latter categories can be regarded as fall- 
ing within the subject “Stainless Steels”. 

Lacking definite information about the real 
need of such a vastly increased consumption by 
the steel mills, one speculates that it is due to a 
combination of causes. First is the large demand 
for ordnance which specifies 3!. and 5‘ nickel 
steels much more freely than does industry. 
Second is an effort of users to stock against 
shortage. Third is the large increase in nickel 
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locked up in process and in warehouse and 
transit. 

As to its actual consumption into stainless 
steel, the above-mentioned committee estimated 
that “it is probable that about 20° of the cur- 
rent supply of nickel to steel mills is used for 
stainless steel production, as compared with a 
normal figure of perhaps 25°.” On the basis 
of imports of 180 million, this roughly checks a 
recent estimate of the American Iron & Steel 
Institute: “In 1940 American steel plants pro- 
duced a quarter of a million tons of stainless 
steels, and output this vear is at an even higher 


rate. What can be done about conservation 
and substitution will be the main theme of the 


subsequent notes. 


The National Academy of Sciences through 
its National Research Council was asked several 
months ago by the Office of Production Manage- 
ment to organize an Advisory Committee on Metals 
and Minerals which could report to them on ques- 
tions of proper use of scarce materials and possible 
means of conservation and substitution. Crype E. 
WituiamMs, director of Battelle Memorial Institute, 
is chairman of this main committee and Zay 
Jerrries, technical director of the lamp division 
of General Electric Co., is chairman of its sub- 
group on metals. In response to request, a report 
on chromium was prepared by A. B. KiNnzev, chief 
metallurgist of Union Carbide and Carbon 
Research Laboratories, circulated to the members 
of the subcommittee, revised according to their 
comment and criticism, and submitted to the OPM 
on July 25, 1941. 


Chromium Supplies and Consumption 


by Advisory Committee to OPM on Metals 


FERROCHROMIUM is being currently supplied 
by the United States industry at the rate of over 
three times that of 1937 and over four times that 
of 1929, the chromium production in 1937 having 
been the highest of any year prior to the present 
upsurge of demand. Today industry is consum- 
ing chromium at the current rate of production 
and would absorb more were it available. By 
judicious use of chromium the steel industry 
has prevented serious shortage in any one spot, 
so that as vet the situation is not highly critical. 
This is true in spite of the extraordinary 
increase in production of stainless and engineer- 
ing steels and the export of both chromium steel 


and ferrochromium to Britain. 


Three major items are involved in th, p- 
ply of ferrochromium — adequate ore s ly. 
adequate smelting and processing equip my 
and adequate electrical energy. Large stoc s of 
metallurgical ores were available in Jan: ry. 
1940, and the rate of importation of ore in (940 
was such that by January, 1941, there was oy} 
a slight decrease in stocks of metallurgical ore. 
It is significant that the rate of import has heen 
maintained at a high level in the first third of 
1941. Thus, as long as the present rate of import 
is maintained the ore situation is not a source 
for concern even though the increase in con- 
sumption should be somewhat greater than that 
large increase which is expected. 
even with decrease in the rate of import the 
stocks are such that there would be appreciable 
time in which to work at the problem. 

As to the manufacturing facilities, Table | 
shows the estimated shipments of ferrochro- 


Moreoy er. 


mium and contained chromium by years since 
1937, and it will be observed that the 1940 figure 
is over 215 times that of 1937. It will further be 
observed that the annual rate of production for 
the last quarter of 1940 is only three-quarters of 
the projected rate for 1941, 160,000 gross tons 
of 70% ferrochromium. As the actual smelting 
and refining rate at the beginning of 1911 was 
approximately 150,000 gross tons it will be 
appreciated that the situation is close to critical 
from the standpoint of production. However. 
additional capacity now under construction will 
bring the production capacity to 190,000 tons 
per vear by the end of the vear and some of the 
new capacity will be available during the vear 
The capacity is well divided between the low 
carbon, 0.04 to 2% carbon, and the higher car- 


bon grades. 


Table I — Ferrochromium Production 


CONTAINED 
CHROMIUM 


Gross Tons 
70% FeCr 


1937 45,000 70,500,000 Ib. 
1938 20,000 31,400,000 
1939 50,000 78,500,001! 
1940 80,000 125,400,000 
1940, last quarter rate 120,000 188, 100,00 
1941, estimated 160,000 250,100,00' 
Although the current and projected ov!) 
would seem to be adequate for known rec: '& 
ments, there may be a major increase in de d 
beyond that now in sight. This could be bro)! 
about by major increase in the use of sta) > 
steel, general substitution of chromiu! 
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steels throughout the automotive and 
.dustries, or sudden increase in inven- 
by the consumers. Such increase in 
de d would quickly lead to a critical situa- 
‘ossible remedies for which will be 


ti 
e) ed in the following paragraphs. 
ainless steel accounts for the consumption 
of ut 45% of the ferrochrome produced and, 
int ing that made directly from ore, accounts 
fol proximately 50% of the ore consumption: 
lable Il — Distribution of FeCr in 1940 
Gross Tons 70% FeCr 
ised in stainless 40,000* 
3 to 9¢ Cr steels 4,000 
Low carbon, low alloy and carburiz- 
ing grades 3,000 
lotal usage of low carbon FeCr 47,000 
Engineering and toolsteels, and irons 
using high carbon FeCr 33,000 
Total 80,000 


*Includes FeCr equivalent of 20,000 tons of ore 
used directly. 


There is no alloy substitute for chromium 
in stainless steel, and the metallic substitutes 
which might be used for some of the applica- 
lions of stainless steel comprise nickel, alumi- 
num and zine-base materials, which are them- 
selves even now scarce. In making stainless 
steel directly from ore the ore usage is increased 
and the necessary ferrosilicon requires electric 
furnace smelting capacity. Thus, should demand 
arise greatly in excess of that anticipated there 
is only one prospect, namely, to maintain the 
consumption at a lower level by elimination of 
stainless steel in industries 
not essential to defense. 

Architectural decora- 
lions, automobile trim and 
cooking utensils could all 
be wholly eliminated, and 
these items alone would 
reduce the stainless 
demand and concurrent 
use of ferrochromium in 
this field by approximately 
l') (as may be gleaned 
from Table III). Reducing 
the consumption of high 
chromium castings and the 
like for furnace parts and 
Stainless used in the 


Chemical industries, ord- 
heoce work and similar 
lications would not 


Table Ill — Estimated Distribution of FeCr in 
Stainless Steel in 1940 


Gross Tons p 
or FaCa ROPORTION 
Product 
Strip 16,500 41.3% 
Sheet 7,800 19.6 
Other rolled products 12,200 30.4 
Forgings and castings 3,500 8.7 
Total 40,000* 100.0% 
Industry 
Automotive 17,000 42.5% 
Household 1.500 3.7 
Building construction 700 1.7 
Food and chemical 7,100 17.8 
Transportation and 
machinery 7,100 17.8 
Others 6,600 16.5 
Total 40,000* 100.0% 


*Includes equivalent of 20,000 tons of ore used 
directly. 


appear to be necessary even under extreme 
conditions, but the possible use in some appli- 
cations in the chemical industries of non-metal- 
lic products such as plastics and carbon forms 
should not be overlooked in an emergency. The 
use of clad steel to a greater degree than al 
present could save chromium in some applica- 
tions and should be thoroughly investigated. 

Less than 5° of the ferrochromium finds 
its way into tubing, bar and plate of the 4 to 9% 
chromium variety which is essential to the oil 
industry and is used in similar production 
applications which might be considered essen- 
tial. The proportionate amount of ferrochro- 
mium involved is small and no attempt should 
be made to substitute in 
this case. The use of lower 
amounts of chromium and 
higher amounts of silicon 
in the 4 to 6° chromium 
grade has been mentioned. 
This would result in a net 
gain in the chrome ore situ- 
ation, with a very small 
gain in the smelting capac- 
ity due to the increased 
load on the ferrosilicon 
smelting capacity. More- 
over, an added burden 
would be put on the steel 
mills and fabricator as the 
lower chromium, higher 
silicon material does not 
lend itself as well to fabri- 


(Text continues on page 680) 
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Properties of the Principal Cr-Fe Alloys 


2% Cr\ 5% Cr \9%Cr\12%Cr| Cutlery 17% CP 27% 
Chemical composition 
Chromium 17§to225| 4to6 @tol0| 12tola IZ tol4 16to18 
Nicke/ [0.5Mo) [15 Mo) 
Si end Mn (mex. 0.50 0.50 0.50 0.50 0.55 0.50 
Carbon 0.15mex.\ 0.10 toQ20 | 0.15 mex.) QF0toQ40 0.10t 
Soecitic gravity 
Lb. per cu.in. 0280 0282 0.276 0.278 0275 
(Mild stee/= 1.00) — 0.99 1.00 | 0.97 0.98 0.96 
Flectrical resistance at 70°F 
Microhms per cms §7 60 59 
[Mild steel = 1.00) — §.2 5.5 5.4 
Melting renge , F. 
Top — 2800 _— 2790 2750 2750 2750 
Bottom —_— 2760 —— 2750 2580 2710 2710 
Structure norma! ) Pesrlitic| Pearlitic \Mertensitc| Mertensitic | Martensitic Ferritic ferritic 
Magnetism or ferritic 
Ferromagnetic ves ves ves ves ves 
Perme- As ennes/ed — — 
Soecific heat 
Cos.units, 0 to 100°C. 0.11 0.117 0.11 
(Mild steel = 1.00) 1.0 1.0 1.0 
Thermal conductivity 
*C.9.s.units 6t 100. — 0.0874 0.0595 0.05 0.0585 
[Mild stee/ = 100) — 0.7F 0.50 0.42 0.49 
Cg.s. units et 500. 0.0805 0.0686 0.0624 
Thermal expansion 
per F.x 1,000,000 
From32 to 212 F. — 6./ 629 6./ 5.7 6.0 
[Mild steel= 1.00) — O95 0.87 0.91 
From 32 to 952F. — 22 7.00 6.7 6.6 6.7 
An- 98] An- | Lo] Heat | An- 
Ultimate strength, /000psi.\ 60 to 66 | 115 | 75to87\| 65 | 125 | 100 | 250t0260| 75 | 100t0I90 | 75to95 
Yield point, O00 psi. 27 | 1035 |\Z5to45| 35 | 100\ 65 |\200t0220| 40 — 50t060 
Flongstion, % in Zin. 40toZ0\ 38 20 |\40to30| 35| 27 350 to20 
in 10in. — — | 202 — 
Readuction of erea, % — 76 66 — 65 | 60) 59 | 20to2 55 | 40020 60t050 
Impect, ft-lb, Charpy 55 to65| —| — |55t060| — | A|—| — — 
Fatigue endurence 
Vomit. 1000psi. —{—| — 48 50 
Corresponding 
ultimate strength 76 78 j 
Heroness, Brinell 130 toi60\ 136 \ 250 \l45tol&0 140 \230 \170 480 175 | 185to270\160to/90 150t02X 
Rockwell — 8-75 | C-24 8-76 | C-22| — C-56 B-85 
Stress in psi. { 1000%.\ 11,400 7,000 11,600 | 13,000 8.500 
causing 1% 1100 5,650 _ 6,950 | 5,200 £,200 
“creeo”in 1200 3,750 23500 | 2,100 2,/00 
10.000 hr.at \ 1350 — — 1,400 1,200 
Scaling temp., F 200 1200 1300 1750 1550 
Initial forging temp.,F. 2/00 — 2/00 2000 2000 
Finishing temp., F. About — |max.Js450 1700 mex.1400 max. 1400 to 
nealing treat: t ce — |Prolonged | 1575 tol625F. ** Jhr.or mo: 
| Annealing trestmen cool from heating at and 9 
1580. 1250 tol550F | 


* Thermal conductivity is meesured as calories per sg.cm. per sec. perC. percm. 
t Quenched end drewn at 1100°F. tt Quenched from I850F. end drewn. 
Smell cold reduction, followed Ly at 1400°F. and quench 
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Properties of the Principal Cr-Nri-Fe Alloys 


18-8 18-12 25-12 25-20 | 18-26 
T 
emical composition | 
Chromium 17 to 19 Mod/fi- 17 tol9 22 to 28 24 t0 26 
Nicke/ 8to1i0 cetion 11 tol25 12 to 16 19to 2! | 25to 26 
S¥ and’ Mn [mex] 0.50 with 0.50 | mex 
Cerbon 0.10 titanium 0.10 0.152 0.15 max.| O20 mex. 
cific grevity | 
lb. per Cu.in. 0.286 | 0285 Q287 O.28S 28% 0. 280 
(Mild stee/= 1.00) 1.0/7 | 1.01 1.02 1.0 1.0} 0.99 
| Sectrical resistance at 10°F | 
Microhms per cms 70 78 907 Oz 
(Mild steel = 100) 6.4 6.5 6.7 7.1 — 9.5 

Bottom 2550 | 2550 _- 2530 2550 | — 

Structure Austenitic | Austenitic Austenitic Austenitic Austenitic 

Magnetism 

Ferromegnetic — — — 
Perme-| As anneeled 1.005 1.005 1.003 1.003 1.003 | — 
ability \Coldworked10%| 7.10 | — 1.006 1.003 — — 

Soecific heat 
Cgs. units, Oto 100°C. 0.12 0.12 0.12 O12 
(Mild stee/= 100) 1.7 | — 

Th Vit, 

* 0.0390 | 0.0385 0.0380 Q05 to 0.04 Q0Fto 004 — 
[Mild stee/=100) O.5F 0.52 0352 0.25 to 0.35 025to035| — 
C.gs. units et 500°C. 0.0515 0.0528 0.0520 — 

Thermal expension | 

per 7,000,000 
From 32 to 212 F. 9.6 BF 99 &.8 6.8 
(Mild steel=1.00) 1.45 | 1.40 1.50 1.26 15S 1.335 
From 32 to 932 F. 102 | 10.35 10.8 9.6 9.4 9.F 

Mechanical Pro- Cold rs Cold Cold 
An- Stabil-| An- An- An- An- 
perties at Room Worked |“; Worked Worked | nesied | nesled 
Temperature nealed [Wire} ized | nealed [Wire] nealed /Wire} 

Ultimate strength, 1000psi.\ 80 to 95 \105 to300\| BOto95 | 80to90 |/05to275\ to270\ | 90 toll0 

Yield point, O00 psi. 35 to 45 | 60to250| 4Oto 45 40 40 to 80 65 to2350\| 65 | 45to50 

Flongation,% in Zin. 65 to 55 60to50| 60 50 to 355 60to45 | 35to30 

in 10in. 50 to? — — 50to2 J5to2 — 

Reduction of eres, % 65 to 55 | 85to30 | 65 to 55 65 65 to30 | 60to45 | 55to20 45to 

Impect, ft-/b.;Cherpy 80 77 -- 40to80 

lzod 75 — — — — — 50to90 
fatigue endurence 
limit, 1O0Opsi/. 35 94 48 — 
Corresponding 
ultimate strength 90 150 90 — — /10 — — — 
Heroness, Brinell 135 to 185\170 to460\ 135 tol8S \135 to 165 to 380 | 150 to 185 to 578 | to 190\ 160 to 185 
Rockwel/ B-?5to 90| C-5to47 \B-75 to 90 |\B75to85 |C5to40 | B80t090| C-5to4O0 — 

Stress in psi. { 200%. 17,000 

causing 1% 1200 2,000 

1550 5,000 3,300 | — 

In 1500 850 1,100 
10,000hr.et 1600 — 1,900 
Sceling temp.,F. 1650 1650 1650 2/00 2000 1650 
/nitie/ forging temnp.,F. 2200 As for IS-8 2200 to2F00 1950 
Finishing temp., F. Wot under 1600 to/700 — As for Notunoer/600 to!700 — — 
Annesling treatment Heatat 1900 to tt As for 18-8 Heat et 2000 to — \Asfori8S 

2000F and quench 2150. and quench 


* Flectrica/ resistence of cold worked 18-8 ranges from 70 to 82 microhims per cm.cube 
** Therme/ conductivity is measured as ce/ories per Sg.cm. per sec. per °C. per cm. 
+ Smae// cold reduction, followed by ennes/ et 1400°F. end quench 
+t Final heat treatment must consist of 2to4 hr. soak at I55OF. 


Metal Progress, 1941 Reference Issue, Page 679 


: 

| 

| 
| 

| 

| 

| 


‘ation, and the net savings would be further 
reduced by decreased service life and need for 
more replacements. 

A small amount of chromium in the form 
of ferrochrome now finds its way into 3% chro- 
mium-molybdenum steels used for special forg- 
ings, armor and the like. No attempt should be 
made to curtail in this application because of 
its strategic character. In addition, a few per 
cent of the total ferrochromium is found in the 
special low alloy steels, carburizing steels and 
armor plate requiring low carbon ferrochro- 
mium. This could be eliminated by substitution 
of manganese or nickel, but the substitute 
would not have all the desired properties of the 
chromium steels, and in view of the small 
quantities involved as well as the strategic 
nature of the substitutes an effort in this direc- 
tion hardly seems worth while. 

Slightly more than 40° of the total ferro- 
chrome produced is found in the engineering 
and toolsteels and cast irons. In most instances 
nickel and manganese steels could be used as 
substitutes, although this would in a number of 
instances involve redesign and special testing 
as well as reduced service life. Moreover, man- 
ganese and nickel both being strategic mate- 
rials, there seems to be little point in considering 
such substitutes. Combinations of molybdenum, 
vanadium and silicon might be substituted for 
some of the chromium in these steels, and pro- 
vided these alloys were sufliciently available it 
is probable that a reduction of 20° of the chro- 
mium consumed could be made in this field, 
although here again individual conditions would 
have to be studied and there would be a certain 
amount of delay, redesign and loss of service 
functioning involved. 

Certain special uses of chromium have not 
been mentioned above because the amounts 
involved are so small. Chromium in high speed 
steels has been lumped with the engineering 
steels because the amount, some 1500 gross tons 
of ferrochromium, is too small to warrant spe- 
cial consideration. However, it should be 
emphasized that there is no substitute for this 
highly important use. Chromium for chro- 
mium plating and chromium in the form of 
chromium metal used in the non-ferrous indus- 
try both come from ores which are classed as 
“chemical”, and the amounts involved are small. 

Chromium from special iron ores such as 
Mayari, while useful as a substitute in a small 
way, could not be an important factor. 

Again, exothermic briquets have been used. 


The high carbon variety is a briquetted m. ype 
containing, among other things, ferrochro, jy» 
and sodium nitrate. The low carbon vari. y jx 
a similar mixture with carbon but conte jing 
calcium chromate. There is a question wh). 


a higher overall chromium economy ca), |, 
achieved by either of these. 


Ata recent meeting held at the General \otors 
Proving Ground, where the 1942 models were 
shown to dealers, a number of talks were given by 
general officers on different aspects of the aulomo- 
bile industry. The subject of “Substitute Metals” 
was discussed by the head of the metallurgy 
department of the Research Laboratories, and he 
touched upon the changes necessary in the bright 
work. This represents pretty generally the case of 
stainless steel used for decorative purposes — 4 
use estimated to absorb half of the “normal” make 


of stainless steels. 


Substitutes for Decorative Work 


By A. L. Boegehold 


STEELS containing 12 to 14° chromium, if 
to 18 chromium, or a combination of 18° 
chromium and nickel, have been widely 
used for body molding and trim. The stringency 
of nickel and chromium has required the elimi- 
nation of this form of decoration, but this should 
cause no hardship from the standpoint of oper- 
ating the car either as to its durability or ils 
performance. 

The use of copper, nickel and chromium 
for plating comes under the same category. 
Plating can be eliminated, even though it ma) 
have an important effect on appearance. 

Present plating practice consists of firs! 
depositing about a 0.0003-in. layer of copper on 
the steel or other metallic base, and over this 
is plated about 0.0007 in. of nickel, and finally 
ten millionths of an inch of chromium. It has 
been found that nickel could be saved on 
exterior work by reducing it to 0.0003 or 0.0002 
in. if the copper could be increased to 0.0007 
in., Without sacrificing protection against corro- 
sion. For parts inside the body the nickel could 
be eliminated entirely, so that only copper and 
chromium would be used. If the amour’ © 
copper allotted by priorities is not suflic ent 
then plating for decorative purposes may | \\' 
to be eliminated. 

Valve Steels 
tute for chromium in steels used to resis! 


There is no adequate s' 
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Th. A-B-C of Corrosion and Heat Resisting Steels 


trrangement due to F. R. Palmer. 


Chemice’ Analysis 
.] ium less than about 16%; carbon 
but ordinarily less than about 
May contain a little tungsten, 
icon, columbium, aluminum, and 
juently molybdenum. Magnetic. 


4( 
re 


Heat Treatment 


Re 1d to hardening and tempering. 
Res * physical properties depend on 
chen | analysis (principally carbon con- 
tent 
Toughness 


Are structurally dependable after heat 
treatment; not brittle in notched sections 
! ier impact. Suffer some loss in im- 
pact after tempering in 800to1100° F. range. 


pa 


Grain Growth and Structural 
Changes at High Temperatures 
Not subject to excessive grain growth. 

Thoroughly dependable for supporting any 
load or shock within their carrying capac- 
ity up to 1400° F. Brittleness in plain 
chromium steels when cooled after long 
heating is avoided by addition of molyb- 
aqenum 


Strength at Elevated Temperatures 
Much better than straight carbon steel 
for temperatures up to 1000 or 1200° F. 
Retain tensile properties up to 750° F. 


Hot Working Qualities 
Readily forged, pierced, or rolled at 
2000 to 1700° F. Preheat and soak stock 
at 1600° F. Plain chromium alloys air 
harden on cooling. 


Cold Working Qualities 
Low carbon varieties can be easily cold 
drawn into wire, cold rolled, bent, formed, 
upset, coined, and deep drawn. 


Machinability 
Machine satisfactorily with properly de- 
signed tools when heat treated to 200 to 
250 Brinell. Free-cutting grade contains 
complex sulphides or selenium. 


Riveting 
Make excellent cold rivets. Air harden- 
ing high chromium steels not recom- 
mended for hot rivets driven above 1500° F. 


Welding Properties 
Pre heated parts can be welded with gas, 
fectric arc, or resistance. Annea! imme- 
Giately before weld air hardens. Little 
grain growth. Columbium or aluminum 
increases ductility of welds. 


Corrosion Resistance 

Increases with chromium content; in- 

I to Groups B and C. Resists 

wea r, water, steam, and mild corrod- 
hen chromium is 11.5% or more. If 

cal is relatively high, metal must be 

ed and tempered (below 1000° F.). 


Scale esistance 
Tr 
It asés with chromium content. Gen- 
iséful for continuous temperatures 
-00° F., and in some services up to 


Group B (Ferritic) 


Chromium more than about 16%; carbon 
quite low, but can increase as chromium 
goes up. May contain small percentages 
of copper, nickel, silicon, molybdenum, 
tungsten, nitrogen. This group is mag- 
netic. 


Harden hardly at all. 18% Cr tough- 
ened by long anneal at more than 1400° F.., 
and air cooling. Avoid decarburizing the 
skin. 25° chromium gets best strength 
and toughness by rapid cooling from 1650’. 


Laminated structure, from coarse fer- 
rite in ingot, causes low impact values, but 
proper rolling and heating gives adequate 
toughness in rods, bars, and sheets. Struc- 
ture is refined by alloying with nitrogen 


The chromium-irons low in carbon and 
those high in silicon or aluminum ‘(when 
cold worked) are subject to excessive 
grain growth, especially above 1900° F. 
Grain growth reduced by nitrogen. Long 
service at 800 to 950° F. makes them brit- 
tle when cold, although they are not brit- 
tle at working temperatures. 


Heat resisting varieties quite tough at 
temperatures up to 1600° F. Inferior to 
Group C in creep resistance. 


May be forged, rolled, or pierced. Should 
be heated quickly. Forge from 2200° F 
down to 1750° F. On last heat continue 
cold working to 1400° F. to refine grain 
Alloys do not air harden. 


Can be cold drawn into wire, cold rolled, 
bent, formed, upset, coined, and deep 
drawn, especially when warm (300 to 
500° F.). 


Machine satisfactorily with properly de- 
signed tools. Cold working and high sul- 
phur or selenium improve machinability 


Extra precautions required to avoid brit- 
tle rivets. Conical heads should be cold 
upset on ground bars; rivets driven at 
1425° F. into chamfered holes. 


Can be welded. Anneal at 1450° F. to 
reduce embrittlement alongside weld. 

Those metals sub- Those metals not 
ject to grain growth subject to grain 
are brittle adjacent growth yield satis- 
to the weld. factory welds. 


Possess corrosion resisting properties su- 
perior to Group A; increases with chro- 
mium content. Especially good for nitric 
and other oxidizing acids. 


Superior to Group A, especially when 
chromium is above 25%; then resist re- 
ducing atmospheres up to 2100° F., resist 
oxidizing gases up to melting points, and 
sulphur gases up to 1800° F. 


Adapted from The Book of Stainless Steels, Second Edition 


Group C (Austenitic) 


Contains enough nickel to make steel 
austenitic and non-magnetic. They usu- 
ally contain twice as much chromium as 
nickel or vice versa; total alloy content 
at least 24°. Carbon quite low. (Manganese 
sometimes substituted for nickel, in part.) 


Do not respond to hardening by heat 
treatment. Must be rapidly cooled from 
soaking heat at 1900 to 2150° F. to retain 
austenitic structure free of carbides. (Bri- 
nell 140 to 170). 


Extremely tough at all temperatures 
down to liquid air. Dependable against 
shock except when corroded at grain 
boundaries (a preventable condition) 


Alloys near the austenite-martensite 
border line tend to precipitate carbides at 
grain boundaries during service at 800 to 
1600 F., losing some toughness and 
becoming susceptible to intergranular 
attack. This is controlled by very low car- 
bon, by titanium or columbium, by increas- 
ing the chromium and nickel, or by prior 
“stabilization.” 


Have high creep strength up to 1200 
F. which is enhanced by tungsten or 
molybdenum. Toughness impaired in non- 
stabilized alloys by service at 800 to 
1600° F. 


May be forged, rolled, or pierced. Pre- 
heat and soak at 1600° F., heat quickly to 
2200° F., forge down to 1850° F. Hot short 
range: 1800 to 1300° F. Alloys do not air 
harden 


Can be cold drawn into wire, cold rolled, 
bent, formed, upset, coined, and deep 
drawn. Work-harden twice as rapidly as 
Groups A and B. 


Most difficult of all even with super high 
speed and carbon tools. Use sharp tools 
having greater top rake than usual, and 
cut continually. Free-cutting grade con- 
tains sulphur or selenium and phosphorus. 


Excellent for either hot or cold rivets. 
Hot rivets may be driven at a high tem- 
perature (1900° F.). 


Can be welded with gas, electric arc, or 
resistance. Weld does not air harden and 
is very tough. Only the very low carbon or 
alloys stabilized with Ti, Co or Mo should 
be welded if article must resist corroding 
media 


Corrosion resistance depends largely up- 
on total alloy content. Markedly improved 
oy molybdenum. Resists nearly all cor- 
rodents measurably better than Groups 
A and B; especially good for organic acids 
Severe pitting may occur in stagnant 
chloride solutions 


Excellent where combination of high 
temperature and corrosion is to be met 
High chromium, low nickel alloys required 
to resist sulphurous gases. Addition of 2 
to 3% silicon markedly improves scale 


resistance. 
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corrosion such as occurs in exhaust valves. 
Three steels are in use in General Motors cars, 
namely 24% Cr and 5‘ Ni, 22% Cr and 2‘ Ni, 
and 21° Cr and 12% Ni. Conditions in modern 
automobile engines are such that the earlier 
valve steels such as “silcrome” containing 8.9‘ 
chromium and 3.5° silicon are no longer satis- 


factory. 


The Editor recently discovered that large 
quantities of a hardenable stainless steel contain- 
ing less chromium and nickel than the popular 
18-8 was being used by the Glen L. Martin Co. for 
various aireraft details, so he asked the manager 
of the development division of Rustless Lron & 
Steel Corp. to write something about its properties. 


16-2 Stainless Steel 
By Stanley P. Watkins 


stainless steel containing 16‘. 
chromium and 2‘¢ nickel has long been a popu- 
lar alloy abroad, and particularly in England, 
it has never been used extensively in this coun- 
try. Our Bureau of Aeronautics has investi- 
gated its properties extensively with the view of 
using it for highly stressed parts on seaplanes, 
such as terminal fittings and tie rods, which in 
the course of service will be exposed to salt 
spray and sea atmosphere. 

There are many applications, particularly 
in the aircraft industry, where it is desired to 
have a metal equal to 18-8 or very near it in 
corrosion resistance, vet which can be heat 
treated to secure high tensile values. This 
includes such parts as flanges, bolts, nuts and 
forgings which cannot be produced in a high 
tensile strength from 18-8, since this alloy has 
an austenitic microstructure, and its hardness 
and strength can only be increased by severe 
cold work. 16-2, being a heat-treatable metal, 
is therefore being given more and more con- 
sideration by engineers in the aircraft industry, 
and undoubtedly will become in time one of 
our more popular alloys. Typical tensile prop- 
erties of 16-2 in the annealed and heat treated 


condition are given below: 
HARDENED 


ANNEALED AND TEMPERED 
Ultimate strength, psi. 125,000 180,000 
Yield at 0.2% set, psi. 100,000 130,000 
Elastic limit 65,000 100,000 
Elongation in 2 in. 17.5% 15.0% 
Reduction of area 60.0% 50.0% 
Brinell hardness 248 364 


The corrosion resistance of 16-2 sta jes 


steel is excellent and compares favorably vith 
18-8 when subjected to the standard Nay. ga}; 
spray test. However, it is not as suitable a. 18-x 
for conditions involving exposure to s rong 


acids, but is considered just as satisfactory fo, 
exposure to atmospheric conditions. 16-2 jx 
magnetic and consequently cannot be used jy 
close proximity to compasses. 

Due to its structural nature, it cannot be 
annealed to as soft a state as the austenitic 18-8. 
and consequently it is not as suitable for cold 
forming operations such as upsetting, as the 
alloy cannot be commercially annealed to 
under about 230 Brinell, which is considered 
above the range for good cold heading. At the 
present time 16-2 is available in the form of 
billets, bars and wire. It is readily hot forged 
and cold drawn. It machines somewhat casier 
than regular 18-8, but it is not as good as 18-8 
free machining. 

Although the use of 16-2 for applications 
where 18-8 is normally used would result in 
considerable savings of strategic nickel, the 
extent to which substitutions can be made 
depends largely on the needs of the particular 
application. At the present time users are nol 
as familiar with its properties as they are with 
18-8, but considerable data are available and are 
being disseminated by the various producers. 

In brief, 16-2 stainless steel is a useful 
engineering alloy, possessing corrosion resist- 
ance almost equaling that of 18-8, and being 
capable of heat treatment to high tensile and 
elastic values. For parts requiring high strength 
coupled with excellent corrosion resistance, 16-2 


should be given consideration. 


Addresses given before various @ chapters 
by the assistant director of the research labora- 
tory, Allegheny Ludlum Steel Corp., indicated th: 
rising importance of steels so low in chromium as 


to be near the conventional limit for *stainlessness’, 
and the surprising number of their commercial 
varieties. Hence the following outline was _ pre- 
pared for presentation to the forthcoming discus- 


sion meeting on conservation. 


The Various 12% Chromium Stee» 
By R. A. Lincoln 


As IS WELL KNOWN, stainless steels 


attack by the rapid formation of an oxide '™ 
n 


st 


which prevents further attack. Therefo: 
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wv these alloys to resist corrosion, oxidiz- 
ditions are necessary. With a chromium 
of approximately 12‘c or greater, nor- 


col 
ma mospheric conditions are sufficiently 
oxic. ing to promote the formation of this pro- 
tec film, so that with this chromium content 
st ess steels resist corrosion in normal 
atmosphere or under similar conditions. As 


ihe conditions of service become less and less 
ing, successively higher chromium con- 
tenis are necessary. 

in connection with this line of thought, it 
might be well to mention the most important 
factor affecting the service obtained from stain- 
less steels, and that is the condition of the sur- 
face. In order to obtain the best results and to 
allow the formation of a protective film, a 
clean, smooth surface free from foreign mate- 
rial and surface imperfections is necessary, and 
proper cleaning of the article or equipment can 
sometimes cause an alloy to give satisfactory 
service when it might otherwise fail. This is 
especially important when considering the 
substitution of lower chromium alloys in places 
where higher chromium ones have been used. 

In addition to resisting corrosion at room 
temperature, stainless steels also resist scaling 
alt elevated temperature. Resistance to scaling 
is dependent on the formation of a tightly 
adherent refractory oxide film. Under normal 
atmospheric conditions, the alloys containing 
12". chromium will resist scaling at tempera- 
tures up to 1400° F, 

The regular 12‘ chromium steel is hard- 
enable by heat treatment; it is a “martensitic” 
alloy. By heating it in the proper temperature 
range, transformation to austenite occurs; and 
during subsequent cooling, varying degrees of 
hardness can be obtained, depending on the 
carbon content and the rate of cooling. Thus it 
is similar to common steel. During cooling the 
rate of transformation to martensite in these 
alloys is so slow that air cooling produces a 
degree of hardening which in plain carbon steels 
could only be obtained by water quenching. 

Stainless steels are commonly referred to 
by standard type numbers and the family of 
12) chromium alloys include Types 403 to 420. 
In normal atmosphere the 12°¢ chromium steel 
Wil! become slightly discolored by the forma- 
‘ion of a visible film on the surface of the metal, 
bul this film will protect the metal from any 


‘ur'her attack. Thus the 12% chromium alloys 
lin’ wide application for resisting those service 


C ‘ions which are not too severe and where 


a slight discoloration of the exposed surface 
can be tolerated. 

Type 410 is the basic 12°. chromium alloy. 
It can be hardened to slightly over 400 Brinell 
through heat treatment, and can be softened by 
annealing to approximately 160 Brinell. After 
hardening, drawing at the proper temperatures 
will give any hardness within this range. 

Type 403 is the regular 12% chromium 
alloy, whose chemical composition is held to 
closer limits than that specified for Type 110, 
and which receives special processing so that 
the mechanical properties best suited for tur- 
bine blades will be obtained. 

Type 405 is a 12‘ chromium alloy which 
is practically non-hardening by heat treatment. 
The addition of a small quantity of aluminum, 
as well as a low carbon content, produces an 
alloy which is permanently ferritic in micro- 
structure; it does not transform into austenite 
when heated to elevated temperatures and 
therefore is not hardenable by heat treatment. 
This alloy is used in applications where the 
metal has to be heated during fabrication into 
the range from which the regular 12‘¢ chro- 
mium steels harden. However, Type 405 is sub- 
ject to the same disadvantages that the higher 
chromium, ferritic, non-hardening alloys are 
subject to: Heating to excessively high tem- 
peratures results in grain growth, and this large 
grain is accompanied by lowered toughness, 
although the alloy is soft to the Brinell test. 
Weld metal of this composition is coarse 
grained and lacks toughness in spite of the fact 
that it is soft. Welding can best be done with 
an austenitic welding rod, provided the struc- 
ture is not to be used at elevated temperatures. 

Type 406 is a 12% chromium alloy to which 
approximately 4° aluminum has been added, 
with the result that the alloy has an extremely 
high electrical resistance. The aluminum has 
also raised the temperature to which scaling in 
normal atmosphere will be resisted. This alloy 
finds use as the winding in rheostats and as 
inexpensive windings or resistors for electric 
furnaces which do not have to operate at too 
high a temperature. 

Type 416 is the regular 12%. chromium 
alloy to which certain elements have been 
added to improve machinability. Its proper- 
ties are not very different from those of Type 
110, with the exception of cutting ease, and it 
is widely used in such parts as valve stems, 
machined on automatic machines. 

Type 418 is a 12° chromium alloy to which 
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approximately 3° tungsten has been added in 
order to improve the high temperature prop- 
erties. Tungsten increases the creep strength 
and at the same time increases its resistance 
to tempering. As an example of this latter con- 
dition, Type 410 (the basic 12° Cr stainless 
steel) can be hardened to approximately 300 
Brinell and heated indefinitely in the vicinity 
of 700° F. without losing any of this hardness 
through tempering. However, if 700° F. is 
exceeded for a long period of time, the hard- 
ness will fall off gradually; long heating in the 
vicinity of 900° F. has lowered the hardness to 
below 180 Brinell. However, the addition of 3% 
tungsten to 12% chromium steels results in 
Type 418, an alloy which, when hardened to 
300° Brinell, can be heated indefinitely in the 
vicinity of 900° F. without softening. This is of 
importance during service as stems in valves 
operating in superheated steam. The addition 
of tungsten to the 12° chromium alloy also 
lowers the hardenability of the alloy slightly 
so that in order to obtain equivalent hardening 
it is necessary to have slightly higher carbon 
content than Type 410. Thus, in order to insure 
a hardness of 300 Brinell, carbon in the range 
of 0.12 to 0.15 should be specified. 

Type 420 stainless steel covers the 12% 
chromium steel where high hardness is desired. 
The composition usually furnished under this 
specification is approximately carbon, 
12.5'¢ chromium, which is known also as the 
regular grade of cutlery steel. It can be hard- 
ened by heat treatment to Rockwell C-55 and 
has its maximum corrosion resistance in the 
hardened and polished condition. 


The manufacture of powder, of various acids 
and of a host of other chemical products is best 
carried out in stainless steel apparatus, generally 
fabricated by welding. Sometimes a stainless steel 
liner is inserted inside a heavy steel vessel. Efforts 
have been made to make stainless-clad steel and 
to apply it to such uses. Welding the joints is an 
obvious difficulty, but one to which considerable 
attention has been paid, and which, with good 
technique, is feasible. The difliculty has been that 
but two or three makers have tackled the problem 
of producing stainless-clad in earnest, whereas 
there are many makers of solid stainless, and the 
engineering development and sales effort have 
been overwhelmingly on the side of the solid stock. 
Generally speaking, in normal times, the cost of 
cladding and the cost of welding the clad material 
have made the final product almost as expensive 


as the solid stock. However, from the «& rVa- 


ary 
or chemical application, particularly th xe j) 
which only one face needs to be corrosion Sist- 


tion point of view, it seems that in any s._ | 


ant, stainless-clad ought to be used inst. 
solid stainless if the design can possibly be engi. 
neered to permit. Since there are so many practi. 
cable metallurgical ways of making bi-metal!s. jt j, 
apropos to reprint a systematic classification froy 
ProGress’ 1940 Annual Reference Issue }y 
the research engineer for A. O. Smith Corp 


Composite Steel Products 


By Merrill A. Scheil 


A NuMBER of processes have been devel- 
oped to manufacture composite materials mad 
up of a mild steel base which furnishes th 
strength to meet design requirements, effec- 
tively clad with a moderate thickness of cor- 
rosion resistant metal. Each process may |i 
identified by its method of effecting the bond 
between the two metals. A classification of the 
commercially important composite metals, with 
respect to the method of effecting the bond, js 
listed below. The list makes no pretense to 
cover the entire field of metals, ferrous and 
non-ferrous, or all the possibilities of making 
joints or unions, but is thought to include th 
important variations of composite steels. 


A — Casting On 
A-1. Composite toolsteel stock is made by casting 
a high carbon steel around a mild steel ingo! 
prior to rolling, thus effectively bonding a cul- 
ting edge or wear resisting surface to the base 
Crucible Steel Co. 
A-2. Copper clad stock is made by casting coppe! 


Composite steels 


around a steel bar. The composite bar is rolled 
to rod and drawn to wire or a composite ingot 
rolled to sheet or plate. 
Copper Clad wire, rod — Copperweld Stee! Co 
Sheet and Plate — Clad Metals Industries 
— Republic Steel Corp. 

A-3. A stainless clad steel is made by casting mild 
steel around an assembly of stainless stee! plates 
separated by insulating material and edge 
welded. The assembly is rolled and separated 

Ingaclad — Ingersoll Steel & Dise Div. ot ors 
Warner Corp. 


A-4. Steel-backed bearings are made by cor !nth 
ous casting of a layer of babbitt or other be rns 


metal on a tinned strip of steel, or by centr "58 
casting inside a tube. 

Cleveland Graphite Bronz 
Wilcox-Rich Co. and othe! 


Continuous 
Centrifugal 
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Engineering Properties of Monel 
) rom 
Data PRODUCT NI Cu FE MN SI Cc Al 
sional Nickel Co., Inc. 
lid solution of Wrought; Regular 67 30 14 «O01. O15 (Note) 
e]_and copper approxi- K (heat treatable) 66 - 0.9 04 0.50 0.15 2.75 0.005 
67:30, with added ele- Cast; Regular 67 29 1.5 0.9 125 «03 
» control certain prop- “H” (high strength) 65 29.5 15 0.9 30 0.1 
Typical compositions are “S” (non-galling) 63 30 2.0 0.9 4.0 0.1 
n at right: 
(Note) A high sulphur variety called “R” Monel is free machining 
Properties of Monel Castings 
Physica! Constants of Wrought Monel 
PROPERTY REGULAR H Mone! S MOneEI Specific gravity 8.84 
e strength (1000 psi.) 65to 90 90 to 115 110 to 145 Density, lb per cu.in 0.319 
1000 psi. for 0.5% extension) 32.5to 40 45to 75 80 to 115 Melting range 
ation (% in 2 in.) 45to 25 20to 10 4to 1 degrees F 2370 to 2460 
mpact, ft-lb. 80to 65 45to 35 5to 1 degrees C 1300 to 1350 
| hardness 125 to 150 175 to 250 275 to 375 Specific heat at (80 to 212 F.) 
kwell number | S5to75-B...... <32-C (27 to 100 C.) 0.127 
Temperature for slight oxidation ...... 570° F. 0.0000078 
Annealing range (standard monel) . .1400 to 1800° F. at 25° to 100° C., per “C.. 0.000014 
Forging range ‘standard monel) ...... 2150 to 1600° F. Thermal conductivity 
Pouring range for castings ............ 2700 to 2850 F. at 80 to 212° F., Btu. sqft. hr 
Cold-Rolled Sheet and Strip at zero to 100 C., cal sq.cm. sec 
106 
SHEET STRIP APPROX C./em. oa 
TEMPER TENSILE Electrical resistivity 
SHORE ROCKWELLB SHORE ROCKWELL B STRENGTH at 32° F., ohms circ.milft 290 
at 0 C., microhms cm 48.2 
Dead soft 16 max. 60 max. 16 max. 60 max. 70,000 Temmerature cocficient of electrical 
Soft skin-hard 17 to 20 per F...... 0.0011 
19to20 69to73 77,500 per C. ...... 0.0019 
Quarter hard 21 to 24 74 to 82 21 to 24 74 to 82 80,000 Modulus of elasticity 
Half hard 25to30 83to89 25to30 83 to89 90,000 in tension, psi 26,000,000 
Three quarter 31to35 90to93 31to35 100,000 Corson, pet. - 9,500,000 
Hard 36 min. 94 min. 36 to 40 94 to 97 110,000 Poisson's ratio .. 0.32 
41 min. 98 min. 120,000 
Mechanical Properties of K Monel 
CONDITION ULTIMATE" ELONGATION REDUCTION BRINELI 
Soft, quenched from 1450 F. 120 < 60 > 40 -50 < 200 
Reheated to 1000° F. 120 to 140 80 to 100 30 35 225 to 275 
Reheated to 1100° F. 140 to 160 100 to 120 20 25 275 to 325 
Cold worked and reheated to 1100 F. > 160 120 »15 20 325; 
*In 1000 psi. *Machined only with difficulty. 
120 | | ; 120 
110 Hot Rolled Mone/ at Elevated ropertie, 110 
Temperstures | | of Rods and Forgings 
] od impact ip — 100 
| ' 
| Bs 
Tensile strength | lensil€ strength | 
| — 
~ 70 ——-+--- — 70% 
| / Reduction of area 8 
Short time tests -Limitin | Yeld Strength 
Q1% creep in | | 
| | | limit 
| 
—+ = + - & 
| | | 02 % set | £longation | 
- T + + + + + 20 = 
Safe Working stress annesied- 8 
Horroiled Hot rolled 
+— = -———+ + + ae over 2" under 2° 10 § 
Soecie/ high 
O07 % creep in 1000 Ann ‘Strength ngs 
O 
200 400 600 800 YO0O 1200 50 60 70 80 90 100 
Degrees Fahrenheit Rockwe//"B" Number 


Metal Progress, 1941 Reference 


Issue, Page 685 


a 
— 
| 
iry 
In 
st. 
of 
IS 
mn 
iy 
|. 
‘aa 
( 
( 
) 
q 
ay 
} 
a 
4 CAD 
| 
| 


B — Pressure Welding 

B-1. Non-ferrous metals and alloys are pressure 
welded to steel backing by rolling together at a 
high temperature. 

Nickel and Monel clad) Lukens Steel Co. 
Everdur clad) Republic Steel Corp. 
Copper clad Various. 

Silver clad) > Handy & Harman. 

B-2. A pressure welded bond between stainless 
alloys and mild steel is obtained by inserting an 
ingot iron sheet between the alloy and the mild 
steel and rolling the assembly to gage. 

Plykrome — Plykrome Corp. 

B-3. A pressure welded bond between stainless 
alloys, toolsteels, and alloy steels and mild steel 
is oblained by rolling together a stainless alloy 
plate electroplated with pure iron on the side in 
contact with the steel and a steel plate. 

Silver-Ply Clad Steel Latrobe Electric Steel 
Co. — Jessop Steel Co. 


C — Fusion Welding 
C-1. Overlapping beads of weld metal are deposited 
on the surface of a steel slab by oxy-acetylene, 
atomic hydrogen, or electric are welding. The 
surfaced slab may be rolled to plate and retains 
the alloy deposit on the deposited surface, or 
used as welded. 
Kelkalloy M. W. Kellog Co. 
Stelliting and hard surfacing 
Lead linings in steel drums, ete. 


Open. 

Lead Lined 
Iron Pipe Co. 

C-2. A fusion bonded deposit of a secondary metal 
is fused with a earbon are from a mixture of 
metallic forming material to the surface of a steel 
slab. The secondary metal is retained as a elad- 
ding on the plate or sheet after rolling to gage. 

Kinkead’s process, 

C-3. A combination fusion and casting process 
employs a soft steel slab as one side of a narrow 
mold. An ingot of desired composition, bonded 
to the slab, is built up in the mold. An automatic 
welding head which makes a traverse in the mold 
supplies the metallic forming material. The com- 
posite slab thus formed is then rolled to gage. 


Pluramelt) Allegheny Ludlum Steel Corp. 


D — Electric Resistance Welding 

D-1. A composite plate is fabricated by electric 

resistance spot welding a finish rolled alloy sheet 

to a rolled steel plate. No additional rolling of 

the composite is required. Two variations of this 
process include: 

Resistance spot welds on close centers — A. ©. 
Smith Corp. 

Overlapping spots — Babeock & Wilcox Co. 

D-2. Butt weld two slabs over the entire surface 

and roll to gage. 


Various bi-metals W. M. Chace Co. 
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Mr. Boegehold, on page 680, mentions th grea 


difficulty, if not impossibility of substitut fo 
nickel but especially chromium in exhaust | lye. 
which must withstand the blast of hot engine cases 
A fuller discussion of the problem as it app/ies 4 
electrical resistance alloys, such as 60° ckel. 


25° iron and 15% chromium, or 70% nicke!. 10 

iron and 20% chromium is given in an early report 
on nickel (dated March 15, 1941) of the Nations 
Academy of Sciences’ Advisory Committee to OPy 
on Metals Conservation and Substitution. 


Heat Resisting Alloys and Electrical 
Resistors 


By Advisory Committee to OPM on Mi tals 


MALLEABLE NICKEL and the chromium-nickel 
alloys for heat resistance and electrical resistors 
require together about 10% of the current 
nickel supply. A considerable portion of this 
nickel is used either directly for defense equip- 
ment, such as for airplane manifolds or fo: 
heat treating equipment in the steel and man- 
ufacturing industries, where it probably should 
be considered as essential for defense. Ther 
are certain portions of this field which might! 
be considered, however, with respect to th 
possibility of nickel conservation. One is tly 
chromium-nickel resistance wire used in the 
manufacture of electrical appliances, such as 
domestic stoves, toasters and percolators, mos! 
of which are sold for domestic use (but som: 
are for the Government account). The onl 
known alternative material is chromium-alum- 
num-iron alloy, which is not now available | 
the trade in the forms and quantities required. 
and even if it could later be made available, its 
use would entail extensive appliance redesigh. 
as well as the modification of manufacturing 
methods suitable for the alternative materia! 
The question also arises whether the aluminul 
required for this alloy and the larger amount o! 
chromium required would be available wl 
its production could be arranged. 

It may be useful at this point to view th 
conservation problem from different ans 
than that of the primary nickel consumer 
namely, from the point of view of a whol 
industry which uses nickel products. Ta! 
point of view of the electrical industry, 10 
example. This industry as a whole mai'!!a 
tures a great diversity of products — son 


defense, many for other purposes — and 
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r products contain nickel, often only 
amounts but in essential forms. The 
ts of nickel in electric light bulbs, in 
cubes, in transformers and other parts of 
me and telegraph circuits, in) perma- 
agnets in electrical instruments, in ther- 
jie controls of all sorts— while small in 
dual amounts, play an important part in 
mnctioning of the apparatus, and collec- 
add up to a considerable amount 
ckel not readily computed. One plant 
alone estimates an annual nickel requirement 
of 500,000 Ib. for a wide variety of nickel alloys 
and apparatus parts. Substitution can in some 
eases be visualized, but in others is difficult 
without extensive redesign. 
Now these electrical products are standard 
products, manufactured in quantity, partly for 
important defense requirements and partly for 
industrial and even domestic use. Substitution 
of other materials for nickel could only be done 
through extensive redesign. This is sometimes 
practically impossible, as in the case of ferro- 
nickel lead-in wires for electric light bulbs. The 
question arises whether the amounts of nickel 
which can be saved in such a program of sub- 
stitution — involved, detailed and expensive as 
it would be — justify the effort and disruption 
to a large industry which would be caused. 


Judging from the Foreign Correspondence in 
Mrrat Progress, as well as European publications, 
a great deal of attention has been given by Ger- 
nan and Russian metallurgists to corrosion resist- 
ant iron alloys wherein substantial amounts of the 
expensive (and rare) chromium and nickel are 
replaced by the much more available manganese, 
copper, aluminum and silicon. Of these, manga- 
nese has perhaps the most possibilities, and the 
following, by the well known research metallurgist 
of Union Carbide and Carbon Research Labora- 
tories, outlines the situation. 


Substitute Elements in Stainless 
By Russel! Franks 


Use or sunstrrere metals like manganese. 
copper, aluminum and silicon in the production 
Stainless steels is worthy of consideration at 
sent in view of the importance of chromium 
(nickel in articles needed for defense. While 
omium is the basic metal used to impart 
ilessness to steel, there are other metal ele- 


its (besides those discussed herein) that 


impart improved corrosion resistance when 
added to steel, but so far as is known none of 
these produce the same result’ as chromium 
from the standpoint of corrosion resistance and 
fabrication. 

It is well known that several per cent of 
aluminum or silicon are added to certain high 
chromium steels for heat resisting applications. 
Aluminum is added to high chromium steels 
used for electrical resistance elements, and 
silicon is added to high chromium steels used 
for valves in internal combustion engines, but 
neither element greatly improves resistance to 
liquid corrosion, nor imparts the desired 
mechanical properties required in many stain- 
less steel applications. Since aluminum alloys 
are widely used in aircraft construction, it is 
doubtful whether sufficient quantities of the 
metal would be available even though the 
required properties could be obtained. 

The remaining two metals under considera- 
tion are copper and manganese. The question 
is Whether these metals can be used as a sub- 
stitute for a portion of the nickel normally 
present in the important austenitic 18: chro- 
mium, 8+ nickel steels. Unlike nickel, suflicient 
percentages of copper cannot be added to the 
18‘. chromium steels to give a steel that is fully 
austenitic; when much more than 1‘ is added, 
the hot working characteristics are detrimen- 
tally affected. The same is true when copper is 
added to the straight 18‘. chromium steels of 
the 18% chromium, & nickel type, and it is 
doubtful whether replacing 1 nickel in’ the 
18-8’s with 1 copper would prove to be a 
beneficial substitution. 

Different results are obtained by adding 
manganese to steels of the 18¢ chromium type. 
Suitable percentages give a steel that is partly 
austenitic and partly ferritic. These steels are 
not so resistant to corrosion as the 18% chro- 
mium, 8°. nickel steels but do possess excellent 
mechanical properties. They have the ability 
to be hot and cold worked and, in general, 
fabricated like the more conventional chro- 
mium-nickel steels. 

A steel with a high degree of corrosion 
resistance is obtained by decreasing the & 
nickel content of 18-8 steels to about 1), and 
adding at least 5‘, manganese. Like the chro- 
mium-nickel steels, one of the attributes of the 
chromium-nickel-manganese steel is its suit- 
ability for use in light weight, high strength 
construction. The properties of the steel in the 
cold-rolled condition, and in the cold-rolled and 
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Valves and Valve Seat Material 
From paper by S. D. Heron, O. E. Harder and M. R. Nestor before American Society for Testing Materials 
CHEMICAL COMPOSITION ROCKWELL HARDNESS BRINELL HarpNess t/ha 
No g 
Cc S1 Cr NI Ww Mo OTHER NATURAL | AFTER 1475° F. Draw ArtT930°F. | Az F 
Martensitic or Pearlitic Steels 
1 0.40-0.50 3.0 -3.5 8.0 -9.0 ‘ , ° C-32 to 35 C-20 to 29 169-179 16-20 
2 0.35-0.45 3.9 -4.2 2.8 -3.0 
3 0.50 15 8.0 0.75 
4 0.60-0.85 1.25-2.75 19-23 10 -2.0 C-38 C-31 254 
5 10 -1.1 18 -2.0 13-14 0.75-1.0 3.25-3.75 0.50-0.75 
6 1.27-1.43 <0.65 11.5-14 <0.65 : 0.45-0.95 2.5-3.5 Co C-55 38 at 1600 
7 0.50-0.70 3.0 -4.0 12-16 
8 1.0 -12 <—0.50 12-14 <0.50 
9 0.5 02 11.0 1.5 . : 0.5 Mn, 1.8 Al 
10 25 -3.0 15 -2.0 2.75-3.25 : ‘ 4.0 -5.0 0.6-0.8 Mn 
11 10 1.0 25.0 ‘ Cc-40 C-19 28 
Austenitic Steels and Nickel-Chromium-Iron Alloys 
12 0.30-0.45 2.50-3.25 17.5-20.5 7.0-9.0 C-26 C-24 142 45 
13 0.20-0.30 0.70-1.00 21-22 11-12 P ‘ C-20 to 27 C-18 to 22 130-180 ~78 
14 0.20-0.30 25 -3.0 21-22 11-12 C-24 C-20 166 71 
15 0.40-0.50 0.30-0.80 13-15 13-15 1.75-3.00 <0.50 C-25 C-23 162 } 
16 0.40-0.50 2.75-3.25 13-15 13-15 1.75-3.00 0.50 C-30 C-22 165 3 
17 0.50 1.25 14 26 3.5 : C-22 C-16 182 84 
18 0.40-0.50 0.30-0.80 24-26 13-15 2.0 -3.0 B-94 B-94 76 
19 0.95-1.20 2.0 -3.0 15-16 13-15 C-24 C-30 4 
20 0.50 10 20 32 1.0 Mn C-21 c-19 174 80 
2 0.50-0.60 0.50 3.5 12 5.0 Mn C-22 B-95 140 35 
22 0.10 0.30 14 80 ; B-83 B-83 107 54 
2% 0.07 <0.75 18 8 : B-81 B-80 74 49 
Transformation Hardening Steels 
24 0.25-0.35 2.0 -3.0 12.0-13.5 7.0-7.75 C-42 C+ 244 98 
25 0.40-0.50 <10 23.3-24.3 4.5-5.0 2.5 -3.5 Cc-4l1 C-36 230 63 
Non-Ferrous Alloys 
26 1.25 27 27 . 4 65 Co 217 at 1200’ F. 132 at 1600° F 
27 2.0 0.9 30 , 12 54 Co 314 at 1200° F. 185 at 1600 F 
28 0.20 0.30 21 Balance 0.90 Mn 0.60 Fe 
29 0.16 0.02 30.3 Cu 66.9 0.16 Al 0.90 Mn 16 Fe 
30 Bal. Cu 95 Al 0.5 Fe 
i Bal. Cu 4.0-60 10.5-11.5 Al 4-6 Fe 
32 >99.0 
leo RELATIVE ATTACK BY 
Scauinc Loss (a) (2) 
No. | | ~ ~ - Uritiry anp Remarks 
IN EXHAUST 
OXIDIZING REDUCING PsO-PsBr, PsOart | 2 PsO-3 PsSO, 
ATMOSPHERE ArmospHere | ~ONPENSATE) 1550° F. | 1800° F aT 1800° F. 
Martensitic or Pearlitic Steels 
mm 50 140 Poor | 41 100 200 Most widely used exhaust valve material 
2 160 360 | Very bad 41 106 258 Cheaper variety; inferior as to burning and rusting 
3 10.000 12.000 | Verybad | : ; : | Unsatisfactory substitute for No. 1 
4 40 75 Complete 1 104 8 Rapidly replacing No. 1 
5 : | | Very bad Limited use replacing No. 6 
6 5,000 | 2.200 | Very bad 16 136 6 Superseded No. 7 for aircraft use in early 1920's 
7 | ci | . | Very bad am — — High speed toolsteel; adopted in U.S. in 1911; much used in War 
| first valve with good hot strength 
8 | 19,000 /c) 19,000 (c/) | Very bad 56 64 3 Cutlery stainless (modified); used in Europe for 1916-1918 aircraft 
9 (d) 26 113 5 | Reputation for unreliability in automobiles 
10 18.000 | 17.000 36 240 520 Cast exhaust valve seats for passenger cars and trucks 
11 60 100 Complete 2 14 1 | In experimental use 
Austenitic Steels and Nickel-Chromium-Iron Alloys 
12 |} 90 70 Complete 63 57 46 Wide use in automobiles for its hot strength 
13° | 30 60 | Complete 37 43 2 Wide use in bus and truck engines 
14 50 | 90 ; Complete 48 48 17 Higher silicon than No. 13 does not improve resistance to burning 
15 2.600 | 1.600 (e) 20 126 26 U.S. aircraft exhaust valves; internally cooled and seat faced 
16 | 100 150 | Complete 25 92 184 | Too hard to drill; seat inserts in aluminum cylinders 
17 | 840 370 | Complete 28 73 228 European aircraft exhaust valves 
18 50 | 40 | fe 12 47 0.3 | Recently introduced to replace No. 15; about same in severe serv- 
} ice; no intergranular attack by sodium 
19 140 | 160 Complete Castings for both intake and exhaust valves on Ford moto! 
20 60 40 Complete ; Limited use, as cast, in auto, bus and truck valves 
21 11,000 11,000 (d , : Exhaust valve seats in European aircraft. High thermal expansion 
requires threaded design to remain tight 
22 60 50 Complete 40 42 254 Not used, despite interesting properties 
23 2.400 1.700 Complete 25 112 2 Not used, despite interesting properties. 
Transformation Hardening Steels 
24 2.800 2.300 Very good 49 8t 24 Had limited use in autos and wide use in aircraft 
25 40 50 Complete 2 35 1 Better wear and scuffing resistance than austenitic ster em- 
| brittled by many cycles between 1400 and 1600 F 
| Non-Ferrous Alloys 
26 20 } 15 Complete 05 a 0.5 Stellite No. 6; almost universal in U.S. for welded-on seat ings 
in aircraft engines 
27 50 15 Complete 72 6 1 Valve seat inserts for bus and trucks, with higher hot SS 
and wear resistance than No. 26 
28 45 15 gain Complete 71 52 197 Brightray; used in Europe for welded-on seat facings 
29 13,000 | 30 Very good ; 4 Monel; used in Europe for some exhaust valve seat insert 
30 1.000 /f) Good 100 244 243 Formerly much used as extruded valve seat inserts in a um 
cylinders 
31 | | Good } ; ‘ , Cast and heat treated substitute for No. 30. Neither tor 
| leaded fuels 
32 250 70 Complete 3 340 504 Commercially pure nickel; has unusually high hot cor 
sistance 
Notes: (a/ Loss in mg. on %x2-in. rod after 300 40-min. cycles between (c) After 250 cycles 
1800 and 650° F. Fuel is a special kerosene with anti-knock additions d) Probably very bad 
burned with 15% Ib. air per lb. for oxidizing atmosphere and 12% Ib. for e/ Complete if not nitrided; poor when nitrided 
reducing. Low results may be misleading ‘{) Maximum temperature on heating cycles: 1600° F 
(b) Calingaert test Relative loss after 6 min. in molten compound ‘g) By mutual indentation - 
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relieved conditions, are briefly described 
following table: 


ANALYsIS: Chromium 18.16%, 
nickel 4.59, manganese 5.55, 
silicon 0.41 and carbon 0.13%. 

CoLp 
HEATED 24 Hr. 
AT 525° F. AND 

Arr CooLep 


As 

PROPERTIES ROoLLED* 
enston 

Yield strength at 0.2% offset 147,000 psi. 159,000 psi. 

Te le strength 199,300 186,000 

Elongation in 2 in. 18% 15% 

Compression 

Vield strength at 0.2% offset 117,200 psi. 

183,200 psi. 


157,000 psi. 
191,100 psi. 


*Tests made on 0.035-in. thick strip, cold reduced 
by rolling 35% in the longitudinal direction to rolling. 


Buckling stress 


These values illustrate the properties that 
can be obtained in the austenitic type chro- 
mium-nickel-manganese steels, high in corro- 
sion resistance, and further indicate the 
suitability of thin cold-rolled sections of the 
steel for use in aircraft construction. 


Some materials can be substituted for stainless 
steels. For instance, lead sheets and lead pipe were 
once used in a much wider variety of applications. 
Surface treatments also have numerous and definite 
possibilities. Following are several brief outlines 
of such subjects from members of the discussion 
group to assemble at the forthcoming National 
Metal Congress and Exposition: 


Calorized Steel 


By B. J. Sayles 


President, The Calorizing Co 


CALORIZING process results in the creation of 
an iron-aluminum alloy of appreciable depth 


on the surface of steel. The surface alloy is an 
integral part of the base material, not a super- 
imposed coat. The product is resistant to high 
lemperature oxidation and flue gas corrosion. 
lt is highly resistant to all gaseous sulphur com- 
pounds, notably hydrogen sulphide, for which 
reason one of the important applications is 
found in tubes for oil cracking stills handling 
high sulphur crude. Other important applica- 
‘ions are found in high temperature superheater 
tubes; containers for molten lead and salt in 
the heat treatment of steel; pyrometer protec- 
ion tubes; boiler baffle plates; bolts for furnace 
nstruction; hanger rods for suspended roof 
id wall construction on furnaces and a host 
other similar furnace construction materials. 
Material to be calorized is packed in com- 


pound which consists of powdered aluminum, 
aluminum oxide and one or more energizers, 
and heated in rotating retorts or boxes. Origi- 
nally the work was done in 6 hr. at 1700° F. Now 
a subsequent step is performed; the work is 
removed from contact with the calorizing com- 
pound and baked in air at 1800° F. for periods 
ranging from 12 to 48 hr. By this means the 
depth of iron-aluminum alloy and the alumi- 
num concentration at the outer surface are con- 
trolled. 
tubes are usually baked 48 hr., resulting in a 
surface alloy on the order of 0.030 to 0.045 in. 
thick with 20% to 25° aluminum at the outer 
face. The surface alloy is tough, exhibiting 


For example, heavy walled oil still 


about 5° elongation, hard and able to resist 
abrasion such as tube cleaner wear. 

Since carbon inhibits the diffusion of alu- 
minum, it is desirable that steel for calorizing 
purposes have a carbon content not in excess of 
O.305°. 
notable development is calorized carbon-molyb- 
denum (1.50% Mo) steel which has high creep 


resistance up to at least 1200° F, 


Practically any steel will calorize. A 


Calorized steel should be of particular 
interest and value during the current emergency 
since 3° of aluminum expended in the caloriz- 
ing operation will, in many applications, dis- 
place 18-8 stainless steel. 

There is also the interesting possibility of 
use for civilian needs wherever calorized steel 
can be satisfactorily substituted for stainless 
steel. Among recent promising “ersatz” sam- 
ples, the Calorizing Co. has produced electric 
heating elements for domestic and restaurant 
cooking ranges of the tvpe where the resistance 
wire is enclosed in a calorized carbon steel 
sheath tube; spark plug electrodes; flame 
spreaders and burner parts for domestic oil 
stoves; tubular type multi-flame burner pipes. 


High Silicon Irons 
By D. E. Jack 


General Sales Manager, The Duriron Co 


ANY CHANCE of substitution of high silicon 
irons for the high chromium irons or the high 
chromium-nickel steels would be under condi- 
tions where liquid corrosion must be resisted. 
In this respect, there are very few corrosive 
conditions that a high silicon iron such as 
“duriron” is not equally as satisfactory as the 
stainless steels. In fact duriron solved most of 
the problems in corrosion before the advent of 
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stainless steel and it was the latter metal’s 
excellent physical properties that caused stain- 
less steels to replace duriron. When it was 
demonstrated that the chromium-nickel steels 
were satisfactory from a corrosion standpoint, 
chemical engineers were able to design their 
processes using much higher pressures and tem- 
peratures than could be used with a high silicon 
iron. However, there are many industries today 
which are using stainless steels merely due to 
the fact that they do not need to be so careful 
in the handling of the equipment, although so 
far as pressure, temperature, and working con- 
ditions are concerned, a high silicon-iron alloy 
could still be successfully used —in fact, is 
being used in a great many plants. It is in these 
fields that there is the greatest chance of a 
substitution to replace the critical supply of 
‘are elements. 

If time would permit, a great number of 
illustrations could be given. Many of the appli- 
‘ations in the food processing industry, such as 
the manufacture of vinegar, citric acid, pine- 
apple juice and cream of tartar could use high 
silicon iron in place of stainless steel with per- 
fect satisfaction. In the chemical and metallur- 
gical fields, any number of applications could 
be listed where both duriron and stainless steel 
are being satisfactorily used. 


Silicon impregnation 


By Harry K. lhrig 


Director of Laboratories, Globe Steel Tubes Co 


THe silicon impregnation process is a 
method of substitution for certain parts that 
have previously been made from stainless steels 
where corrosion resistance is necessary. 

Where both corrosion and wear occur on 
the same part, the silicon impregnated piece is 
especially good as a substitute —in fact, it is 
superior in many instances. The hard and 
wear-resistant nitralloy (with its relatively high 
aluminum content as well as a small amount of 
chromium) is another steel which cannot be 
readily obtained for non-defense purposes. This 
steel is used widely in the automotive industry 
for articles such as pump shafts and bushings. 
We have had much experience in replacing this 
material with silicon impregnated common steel 
with very good success. 

In addition to the replacement of the alloy 
steels outlined above, the silicon process has 
another advantage from a defense standpoint. 


Stainless steel and other alloy steels are 


tively difficult to machine; hence, machine | )\s 
are tied up for longer periods of time than \ 


would be for the same part made from coms on 
steel. The silicon impregnation process rele ses 
these tools for other work if the parts are mode 
from common steel and later treated for 4 
resistant surface. 

The element silicon, of course, is a very 
common one. Every sand pile is composed of 
about 50°C of it, and the material used in the 
silicon impregnation process is amorphous sili- 
con carbide, a by-product in the manufacture 
of carborundum for grinding wheels. 

Therefore, it would seem that pump shafts, 
bushings and exhaust manifolds for the auto- 
motive industry, and chains for acid pickling 
baths and conveyors, are some of the articles 
that could be manufactured from common steel 
or malleable iron, and with the silicon case 
would be adequate substitutes for the stainless 
and other alloys used at present. 


Silver and Platinum Linings 


By Fred E. Carter 
Baker & Co 


Sitver has good non-corrosive properties 
and is particularly valuable in combating 
chlorine gas, alkalis and organic acids. Much 
silver equipment has been used in the food, 
chlorine and other industries. Although the 
metal is not very expensive (about $5 per Ib.) 
when larger equipment is required it is prefer- 
able to use silver clad vessels. 

Platinum clad is needed for still more 
severe corrosive conditions. The original cost 
of such equipment is of course high, but the 
high re-sale value of the platinum greatly 
reduces the net cost. In addition, economy of 
maintenance, long life of the equipment and the 
guarantee of a very pure product are further 
factors in reducing the apparent high cost. 

One important application of platinum clad 
equipment is in the manufacture of tubular 
heat exchangers where corrosive materials are 
being handled. These exchangers may be mode 
with the platinum either inside or outside. 

The platinum may be simply an insert, ul! 
more generally it is welded or soldered to ‘!¢ 
base metal. For larger equipment, sections of 


platinum clad tubing or sheet are joined 
together by methods developed wherein no | 

4s 
metal is exposed to the corrosive contents. 4 
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